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Abstract 
 
Haemonchus contortus (H. contortus) is a major gastrointestinal nematode that adversely 
affects goat production in tropical and subtropical countries leading to high economic losses due to 
lower growth rates, markedly reduced reproductive performance and mortality. Farmers can use 
different strategies including anthelmintic treatments, grazing management, vaccination, improved 
nutrition and selection of resistant animals in order to control or prevent their animals from infection 
by this nematode.  
 
This study was conducted to determine and describe the development of immunity in Boer goats 
kids based on their faecal egg count (FEC) and selected blood parameters in relation to specific 
antibody production against this nematode. Understanding the development of immunity could 
enhance control programs in animals, particularly in goats.  
 
Three experiments were conducted at two different locations. Fresh faecal and blood samples were 
collected, at monthly intervals, from a total of 346 multiple-age Boer goats at Yarrabee Boer Goat 
Stud and The University of Queensland Gatton farm. Worm burdens were determined from FEC’s 
and larval culture, blood was analysed for packed cell volume (PCV), haemoglobin, eosinophil, 
mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), and 
specific antibodies (IgG, IgA and IgM) were obtained from analyses of sera using Enzyme-link 
Immunosorbent Assays (ELISA). Colostrum and milk samples were collected as four series at 
monthly intervals from post-partum does that were either given or not given protein supplements, 
for four weeks prior to parturition, and immunoglobulin titres were analysed using ELISA. 
 
The results of this study showed that Boer goats developed immunity against H. contortus infection 
under naturally at about 14 months of age. Female Boer goats were apparently more resistant and 
resilient to H. contortus infection compared to male Boer goats based on immune parameters - H. 
contortus-specific immunoglobulin (IgG, IgA, IgM), FEC and PCV values. However, there was a 
lack of evidence that the development of immunity was influenced by the intensity of L3 infection 
as indicated by FEC values due to the inclusion of occasionally drenched animals in this study. The 
pre-partum supplementation of goats in this study did not have any effect on resilience of kids 
naturally infected with H. contortus as there were no significant differences on birth and live weight 
throughout the study period. Goat kids were susceptible to gastrointestinal parasite infection as soon 
as they begin feeding on pastures, based on faecal analysis results which were positive when they 
were 2 months of age. The study also showed a lack of evidence of a relationship between the 
iii 
 
immunoglobulin content of milk from dams and the immunoglobulins content in suckling kids’ 
serum. Furthermore, protein supplementation to does during their last 4 weeks of their pregnancy 
had no significant influence on their kids’ serum immunoglobulins from 1 to 3 months after birth. 
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Chapter 1. Introduction to Haemonchus contortus in goats 
Haemonchus contortus which is commonly known as ‘Barbers pole worm’ is a 
haematophagous nematode of ruminants, by far the most important parasite affecting small 
ruminant productions including goats worldwide, especially in the tropical and subtropical regions 
(Perez et al. 2003; Waller & Chandrawathani 2005; de la Chevrotie`re 2010; Diogenes et al. 2010; 
Yin et al. 2013). This nematode is well known to induce economic losses to livestock producers due 
to drop in their animal production, cost of prophylaxis and treatment, and the death of infected 
animals (Miller & Horohov 2006). 
 The Boer goat is claimed to be one of the hardiest small stock breeds in the world (Erasmus 2000). 
Therefore, they can be encountered in a great variety of climatic and pasture conditions, and fit for 
extensive or intensive production in tropical and subtropical countries (Erasmus 2000). Goats have 
the advantage over sheep and cattle as goats have a preference for a varied diet and selecting 
roughage that allow them to perform well on what appears to be low quality forage because of their 
grazing habits, not through any advantage in digestion (Saico & Abul 2007). Boer goats have many 
outstanding phenotypic characteristics which can be clearly seen in its crossbred offspring (Assan 
2013). In Australia, Boer goat crosses with live weights up to 35 kg were reported to have superior 
growth and carcass characteristics when compared to other goat breeds such as Saanen, Angora, 
feral and their crosses (Dhanda et al. 1999). Moreover, goat meat in general, has the lowest content 
of fat and saturated fat, and the highest protein and iron content compared to other red meats 
(Malan 2000). More importantly, the lean meat content is higher in goat meat than mutton, and this 
accounts for much higher prices for the former in most countries in Asia. 
 
Goats get infected by H. contortus as a result of ingesting grass contaminated with the infective 
larvae (L3) or through drinking from non-flowing reservoirs in paddocks especially during spring-
summer and autumn (Antipin et al. 1956). When the L3 are ingested, they burrow into the internal 
layer of the abomasum of the goats and molt into the pre-adult larvae (L4) stage, then to the adult 
form (Leite-Browning 2006). Each adult female nematode can lay from 5,000 to 10,000 eggs/day 
passed out in the faeces of infected animals (Zajac 2006; Haskell 2008). Under optimal 
environmental conditions with temperatures from 18 to 26
o
C and humidity between 80 and 100%, 
the eggs hatch to first stage larvae (L1), then molt to second stage larvae (L2) and finally L3 within 
5 days (Vanimisetti 2003). The L3 climb onto the grass blades and get ingested by goats when they 
are grazing. The ingested H. contortus L3 took about 15 to 18 days to become adults (Soulsby 
1982) and started to lay eggs again. 
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An adult H. contortus can ingest 0.05 ml per day of blood from their host (Rowe et al. 1988; Qamar 
et al. 2009). Goats infected with this nematode can bleed to death within hours (Leite-Browning 
2006). Therefore, anaemia is the main laboratory finding in animals infected with Haemonchus 
contortus (Okaiyeto et al. 2010). The most common type of anaemia in goats infected with H. 
contotus was haemorrhagic and haemolytic anaemia, which leads to high morbidity and mortality 
(Ameen et al. 2006; Ameen et al. 2010). In a study using West African Dwarf kids, Ameen et al. 
(2006; 2010) characterized the type of anaemia suffered by the kids following challenges with 750 
L3 per kid, was the responsive normocytic-normochromic anaemia.    
Young animals usually harbour the heaviest infection compared to adults, therefore they suffer the 
most severe consequences which may lead to death (Miller & Horohov 2006). The common clinical 
signs demonstrated by animals infected by H. contortus are diarrhea, rough hair coat, anaemia, 
weight loss, submandibular oedema (bottle jaw) (Miller & Horohov 2006), dehydration, 
hydrothorax and hydroperitonium (Diogenes et al. 2010). Varying degrees of anaemia and weight 
loss reported occurred from day 15 post infection (p.i) in goats and death occurred at day 19 p.i. 
following challenges with 500 L3 of H. contortus per kg live weight (Al-Quaisy et al. 1987). Adult 
animals usually show decreased weight gain if the infection is subclinical (Miller & Horohov 
2006). However, the severity of consequences from the infection depends on the intensity of 
infection, age, breed, nutritional status and immunological status of the host (Angulo-Cubillan et al. 
2007).    
The level of nematode infection in animals is determined by measuring the number of eggs present 
in the faeces of the infected animals (Miller & Horohov 2006). Although the faecal egg count 
(FEC), interpreted as eggs per gram (epg) faeces does not directly measure the real burden of 
infection in animals, it has been widely used as important parameter in studies of GIN in ruminants 
(Hoste et al. 2008). Packed cell volume (PCV) is another important diagnostic tool to determine the 
anaemic level of an animal infected with blood sucking nematodes (Chandrawathani et al. 2009).  
Parasitism due to H. contortus infestation is the most common cause of anaemia in small ruminants 
which leads to severe decreases in haematocrit values (Ermilio & Smith 2011). Therefore, similar to 
sheep, the FAMACHA
©
 score card, which is based on classification of the colour of the eye’s 
mucous membranes, can be used as aid in clinical identification of the level of anaemia in goats. 
The official FAMACHA
©
 score card identifies anemic animals on a 1 to 5 scale. Red (1) and red-
pink (2) mucous membranes classifies a sheep or goat as healthy (non anaemic); pink (3) mildly 
anaemic; pink-white (4) anaemic; and white (5) severely anaemic (Hempworth et al. 2006; Burke et 
al. 2007).  
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The relevance of the use of FAMACHA
© 
card to score the anaemic level in goats infected by blood 
sucking nematodes has been validated (Vatta et al. 2001; Van Wyk & Bath 2002; Kaplan et al. 
2004; Ejlertsen et al. 2006; Burke et al. 2007). The reports on sensitivity of FAMACHA scores in 
goats were high, ranged from 76 to 100% but the specificity was low (52 - 55%) (Vatta et al. 2001; 
Kaplan et al. 2004). Even though the FAMACHA
©
 method was reported to have low specificity, 
which may lead to a large proportion of animals being treated unnessarily, a large proportion of 
animals would still be left untreated compared to the conventional method where all animals are 
treated. In addition, published research shows that the anaemic false negative score in goats was 
less than 1% when FAMACHA
©
 scores ≥3 were considered anaemic and the PCV cutoff was ≤15% 
(Burke et al. 2007). Therefore, FAMACHA
©
 is recommended as a valuable tool for identifying 
anaemic goats infected by nematode H. contortus. The use of FAMACHA
©
 system has become 
very popular and widely accepted by small ruminant producers in the United States of America 
(Kaplan et al. 2004). 
Goats and sheep are reported to have a different level of susceptibility to nematode infections. A 
number of studies reported that resistance varied between and within-breed of goats and sheep. 
Generally, resistant animals host a smaller parasite load while resilient animals demonstrated just 
mild symptoms of parasitism despite harbouring a large parasite burden (Hale 2006). Goats have been 
reported to suffer less severe clinical and haematological disturbances from H. contortus infection 
than sheep (Al-Quaisy et al. 1987). In Iraq, black Iraqi goats were highly resistant to H. contortus 
infection compared with Awassi sheep (Al-jebory & Al-Khayat 2012). On the other hand, 
numerous studies indicated that goats are more susceptible to gastrointestinal (GIN) than sheep (Le 
Jambre & Royal 1976; Le Jambre 1984; Pomroy et al. 1986). The variation in the level of 
susceptibility to Haemonchus in both goats and sheep were believed to be due to their age and stage of 
development (Hempworth et al. 2006), their ability to produce anti-bodies IgA, IgG and IgE 
(Bakker et al., 2004), the increase in acidophil cell production in abomasal mucus cells (Balic et al. 
2002), the increase in the inflammatory cells in the abomasum and in the level of IgA (Amarante et 
al. 2005), lower FEC, higher PCV and high eosinophil numbers in the infected animals (Buddle et 
al. 1992; Patterson et al. 1996a; Vlassoff et al. 1999; Vanimisetti et al. 2004), high lymphocyte 
counts (Riffkin & Dobson 1979), high haemoglobin (Hb) concentration (Costa et al. 2000) and 
lower worm count (Amarante et al. 1999) in infected animals.  
Compared to sheep, goats have been reported to suffer less severe clinical and haematological 
disturbances from H. contortus infection (Al-Quaisy et al. 1987). Their claim was based on their 
results comparing the worm burden and pathogenic effects of the parasites following experimental 
infection with H. contortus at 500 L3 per kg body weight. They found that fewer worms were 
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recovered from goats than from sheep up to 15 days p.i. However, their finding is in contrast with 
earlier studies comparing goats and sheep susceptibility against H. contortus infection conducted by 
Le Jambre and Royal (1976), Le Jambre (1984) and Pomroy et al. (1986). These three studies 
agreed that goats are more susceptible to gastrointestinal nematodes (GIN) than sheep. They found 
that goats harbour significantly more worms than sheep when they were grazed together in 
contaminated paddocks. A later study by Jallow et al. (1994) also revealed that goats were more 
susceptible than sheep as they found that goats had heavier trichostrongylid burdens than sheep 
when they grazed together in the same contaminated paddock. The reason behind the greater 
susceptibility of goats was due to their limited contact with the nematode, attributed to their 
behaviour as preferential browsers, and therefore they are less likely to have been selected for 
resistance to infection (Le Jambre 1984; Jallow et al. 1994; Hoste et al. 2010).     
The immune response of goats against H. contortus has been reported to be lower and develop later 
in age as compared to sheep (Hoste et al. 2008). Pomroy et al. (1986) suggested that adult feral 
goats develop at least some host resistance to gastrointestinal nematodes (GIN) but it occurred later 
than 12 months of age. Vlassoff et al. (1999) using Angora goats reported similar findings 
suggesting that some degree of resistance to nematode establishment had developed in goats by 12 
months of age following challenges with T. colubriformis infective larvae at a dose rate of 1,000 
larvae/kg body weight. However in a study in goats using Saanen goats aged 51/2 years and 14 
months of age at the start of the experiment, Pomroy and Charlston (1989) reported that these goats 
failed to acquire resistance to H. contortus following challenge infections for 10 weeks and 14 
weeks, respectively. They found no significant difference in the post mortem worm count in both 
groups compared to control groups.            
Genetic resistance against GIN in small ruminants was closely related to their immune response 
(Williams 2011). The parameters that are commonly used in the study of immune response, and 
resistance and resilience of goats to nematode H. contortus were: live weight gain, FEC, PVC, 
worm counts, blood eosinophils counts, and specific immunoglobulins (IgG, IgA and IgE) 
concentration (Chartier & Hoste 1997; Baker et al. 1998; Chartier & Hoste 1998; Fakae et al. 1999; 
Fakae et al. 2004; Bambou et al. 2009a; Bambou et al. 2009b; Chiejina et al. 2010; de la 
Chevrotie`re 2010; Bambou et al. 2013). The results from the studies above generally agreed that 
resistant goats had unaffected body weights, low worm counts, low FEC, maintained or had high 
PCV values, blood eosinophilia especially after primary challenges either by artificial challenges or 
natural infection of H. contortus, and increased IgG concentration. FEC and PCV are two important 
parameters as indicator for resistance as they are heritable with the range from 0.1 to 0.35 (Bishop 
2012). Beside good growth performance under parasite challenge, low FEC and high PCV values 
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are likely to be included in the selection program for breeding for resistance. However, breeding 
animals for improved nematode resistance is dependent upon the existence of genetic variation 
between animals as well as the ability of the breeders to identify the resistant animals (Bishop 
2012). Genetic variation for resistance to GIN infection in goats has been reported to differ between 
breeds (Pralomkarn et al. 1997; Baker 1998; Chauhan et al. 2003) and within breeds (Mandonnet et 
al. 2001; Chauhan et al. 2003).   
In H. contortus infected populations, new born kids receive passive humoral immunity against H. 
contortus via colostrum and milk ingestion from their infected dams (Guedes et al. 2010). Being the 
first milk secretion after parturition, colostrum consists of products secreted by the mammary gland 
and elements from the bloodstream, mainly immunoglobulins (Pandey et al. 2011). Therefore, 
colostrum intake in newborn goat kids is essential for the acquisition of immunoglobulins (Ig) and 
influences development of the gastrointestinal mucosa (Moretti et al. 2012).   
 
The control of H. contortus infection in goat flocks is critical to profitability (Kaplan 2005). The 
common method implemented to control GIN in small ruminants has been reliance on anthelmintic 
and grazing management (Miller & Horohov 2006). The widespread emergence of nematode 
resistance to anthelmintics in grazing livestock occurred due to their extensive use for the control of 
nematode infection (Taylor et al. 2002). Therefore, sustainable control measures are needed in order 
to slow the evolution of anthelmintic resistance in nematodes. One approach is by taking advantage 
of the animals’ immune system, that is most likely inherited, for development of resistance to 
infection (Miller & Horohov 2006).  
Another promising approach is by enhancing the feed nutritional value (especially protein) given to 
animals as enhanced nutrition can affect the ability of animals to cope with the harmful effects of 
the nematode or to overcome parasitism (Coop & Holmes 1996; Van Houtert & Sykes 1996). It has 
been reported that goats infected with H. contortus and given extra protein in their diet had higher 
eosinophil counts (Torres-Acosta et al. 2004; Marume et al. 2011; Pathak & Tiwari 2013), 
decreased FEC and worm burdens (Knox et al. 2006), and maintained PCV (Torres-Acosta et al. 
2004; Marume et al. 2011) compared to goats given lower protein intake. Therefore supplementary 
feeding, in particular provision of extra protein, can assist resilience to infection especially during 
times when metabolic resources are being directed to overcome the pathophysiological effects of 
infection (Knox et al. 2006).  
There are other alternative control measures for GIN infection in small ruminants such as grazing 
management, feeding on tanninferous plants, copper oxide wire particles (COWP), and using 
nematode-trapping fungi. Those alternative methods shown effectiveness but will not be sustainable 
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when used in isolation (Waller 2006). To ensure long term sustainability, it is important to integrate 
as many control methods that are practical, and financially and economically feasible (Waller 
2006). 
This study investigated the influence of age on the development of immunity in Boer goats together 
with the effects of protein supplementation on late pregnant dams to their own immune status 
during pregnancy as well as development of immunity in their offspring against H. contortus. The 
passive transfer of immunoglobulins via colostrum and milk was also investigated. The ultimate 
purpose of this study is to determine the age that Boer goats develop immunity against H. contortus 
infection and also to determine whether protein supplementation in late pregnant does was 
beneficial to development of immunity in their offspring against this nematode. These results will 
be useful to be incorporated in control strategies to reduce over dependency on anthelmintics as the 
main control method for H. contortus.           
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Chapter 2. Review of Literature 
 
2.1.      Introduction 
 
The world’s meat goat population was approximately 877 million in 2013 with 95% in Asia 
and Africa. In 2013, China was the largest goat producer with 292 million goats, followed by India 
and Bangladesh with 102 and 58 million, respectively (FAOSTAT 2014). The latest report from 
FAOSTAT (2014) reported that the world’s population of meat goats increased by 28% from 686 
million in 2003 to 877 million in 2013. During the same period, the world sheep population also 
increased but at lower rate at 7% from 1,002 million in 2003 to 1,073 million in 2013, reflecting the 
emergence of goats as a major livestock species. 
 
The expansion of the population of goats, commonly described as ‘the cow of the poorest’ (Hoste et 
al. 2011, p. 163) is due to the goat’s economic value as efficient converters of low quality forages 
into quality meat, milk and hide products for specialty markets (Hoste et al. 2010). Moreover, goat 
meat is the most highly consumed red meat in the world (Solaiman 2007; Hoste et al. 2010).  
 
Australia is the largest exporter of goat meat despite the fact that its goat population is relatively 
small with only 4.5 million animals (FAOSTAT 2013). Australia's two largest export markets for 
goat meat are the USA and Taiwan and the largest markets for Australian live goat exports are 
Malaysia, Singapore and Philippines (Meat & Livestock Australia 2011).    
 
Helminthiasis is a major impediment to the growth of goats and goat industries worldwide, from 
temperate to tropical countries (Gill & LeJambre 1999; Pandey & Verhulst 1999; Knox et al. 2006; 
Bambou et al. 2008; Qadir et al. 2010). Internal parasites cause high economic loses (Iqbal et al. 
1993), lowered productivity (Perry & Randolph 1999; Schallig 2000) and death. Although there are 
no published values for their cost for the goat industry, annually they cost the sheep industry about 
$369 million in Australia (Meat & Livestock Australia 2007) and £84 million in Great Britain 
(Nieuwhof & Bishop 2005). In 2010, costs associated with control of Haemonchus contortus in 
sheep and goats in India were estimated to be $US103 million (Qadir et al. 2010).   
 
Parasitism due to gastrointestinal nematode (GIN) infections is a major constraint to the goat 
industry worldwide (Hoste et al. 2011). Despite the fact that GIN infection remains a major threat 
affecting goat health and production, owing to their ubiquitous distribution and high prevalence, 
there are very few studies on host-parasite interactions in goats. In a review paper by Hoste et al. 
(2010), it is clear that much research has been done on sheep with regards to GIN infections even 
though goats are infected with the same species of GINs with similar pathological changes and 
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economic consequences. In fact, these authors state that only 20 - 25% of references relate to 
caprine studies. In terms of medication against these parasites, they claimed that for many years the 
registration of anthelmintics drugs did not discriminate between sheep and goats due to the 
assumption that goats are similar to sheep, which led to dramatic errors in their efficacy of control. 
 
The goat industry, unlike the sheep industry, has lagged describing the genetic components of 
resistance to helminth infections as well as incorporating these resistance traits into goat breeding 
programs (Walkden-Brown et al. 2008). The goat industry could reduce their dependency on 
chemical anthelmintics to control nematodes if genetic resistance was successfully incorporated into 
goats breeding programs. This review of literature will discuss Boer goat production, disease 
resistance against and susceptibility to nematodes particularly H. contortus, as well as the methods 
to control nematode infection in goats practiced around the world. The literature will also discuss 
the biology of H. contortus and its seasonal survivability in the environment. Furthermore, the 
literature review will discuss the parameters related to the development of immunity, the heritability 
of resistance and resilience traits in Boer goats. Finally, the transfer of immunity via 
immunoglobulin’s in milk to kids will also be discussed.   
 
2.2. Boer goats 
 
2.2.1. Background 
 
The Boer goat (Capra hircus), which originated in South Africa (Malan 2000) was first 
imported into Australia in the 1990’s with the offspring of the original Boers being released from 
quarantine in 1995 (Werdi Pratiwi et al. 2004). The release of this meat goat breed triggered a 
growing interest in Boer goats by investors and farmers involved in the development of an 
Australian goat meat industry (Murray 1997). 
 
The word “Boer” in Dutch/Afrikaans means “farm”, therefore the Boer goat was originally a “farm 
goat” (Casey & Van Niekerk 1988). The South African Boer goat reportedly consists of a mixture 
of genetic materials from various goat breeds, principally from Eastern Europe and India (Erasmus 
2000). The desired type of improved Boer goat that possesses the characteristics that we recognise 
today had its origin in the Eastern Cape of South Africa (Erasmus 2000). 
 
Importation of Boer goats brought about a tremendous increase in goat meat production in many 
countries and they can be found in the USA, Canada, New Zealand, Australia, Germany, Israel, 
France, China as well as Indonesia, Malaysia and Singapore (Erasmus 2000; Malan 2000). 
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Boer goats are described as large in size with mature weights of adult bucks and does reported 
between 100 to 120 kg and 70 to 80 kg, respectively (Malan 2000). The average weaning weight of 
Boer goats is reported to be 29 kg at the age of 120 days (Malan 2000). The growth rate of a Boer 
goat is reported to be more than 200 g per day under favourable nutritional conditions and up to 176 
g per day under extensive subtropical conditions (Van Niekerk & Casey 1988). 
  
The Boer goat is claimed to be one of the hardiest small livestock breeds in the world as they can be 
encountered in a great variety of climatic and pasture conditions and is consequently fit for 
conditions varying from extensive to intensive in tropical and subtropical countries (Erasmus 2000). 
 
In terms of the nutritional aspects, Malan (2000) reported that goat meat has the energy calories, fat, 
saturated fat, protein and iron content of 122, 2.58 g, 0.79 g, 23 g and 3.2 g, compared to lamb with 
235, 16 g,7.3 g, 22 g and 1.4 g from 85 g roasted meat. The energy value of Boer goat meat is 
comparable to chicken meat calories (120) but lower than beef, pork and lamb with 245, 310 and 
235 calories, respectively. The fat and saturated fat content is the lowest and protein and iron 
content is the highest among those meats (Malan 2000).  
 
2.2.2.  Disease resistance status  
   
Although there are several indigenous goat breeds in Asia that have genetic resistance to 
helminth (Pralomkarn et al. 1997) and are potentially very important and likely to make 
contributions in enhancing productivity of goats in Asia this thesis will focus only on the 
development on immunity against H. contortus in the Boer goat given it widespread use across the 
world. 
 
Specific reports of disease resistance in Boer goats are scarce. However, it has been reported that 
goats are less exposed to internal parasites as a result of their browsing behaviour which make them 
less susceptible as compared to grazing animals (sheep) (Malan 2000), assuming that goats have the 
opportunity to browse. In contrast, Le Jambre (1984) showed that goats are more susceptible to 
internal parasites and developed lower immunity than sheep when they were equally exposed to the 
parasites. The Boer goat is also reported to have an exceptional ability to withstand and resist 
diseases such as blue tongue, prussic acid poisoning and enterotoximia (pulpy kidney) (Malan 
2000) although this author presents no data to support this claim.   
 
The ability to successfully produce many fast growing offspring and provide high quality meat is an 
important aspect of Boer goats. However, the health of every goat is constantly challenged by 
exposure to parasites and diseases as for any other farm animals. Therefore, in this study the 
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resistance and resilience status, in relation to the development of immunity in Boer goats are 
investigated through natural field challenges by H. contortus.   
 
2.3. Haemonchus contortus 
 
Haemonchus contortus is a large and round stomach worm belonging to the Phylum 
Nemathelmintes, Class Nematoda, Order Strongylida, Suborder Stronglina, Superfamily 
Trichostrongyloidae, Family Trichostrongylidea and Subfamily Haemonchinea (Urquhart et al. 
1996). This haematophagus nematode is a parasite of small ruminants and resides in the abomasum 
of sheep and goats (Waller & Chandrawathani 2005). Recent study in India showed that H. 
contortus were also found in the reticulum of goats (Bandyopadhyay et al. 2010). It has also been 
reported present in white-tailed deer (Odocoileus virginianus) in the South-eastern United States 
(Davidson et al. 1980). Adult worms are 10 - 30 mm long and male worms are shorter than female 
worms. The female of H. contortus is commonly referred to as the ‘twisted wire worm’ or ‘Barbers 
pole worm’ due to their intestinal red-blood filled appearance (Kaufmann 1996). 
 
2.3.1. The life cycle of Haemonchus contortus 
 
The life cycle of parasites in this genus is direct and have pre-parasitic and parasitic stages 
(Soulsby 1982). An adult female worm lays about 5,000 - 10,000 eggs a day (Haskell 2008) in the 
abomasum of small ruminants. The eggs are then passed out in the faeces. Eggs are yellowish in 
colour, their size is 70 - 85 µm long by 44 µm wide and they are already in the early stage of 
cleavage with 16 - 32 cells. In warm and moist conditions, the eggs continue to develop in the 
faeces and then hatch as the first stage larvae (L1), which takes 4 - 6 days at a temperature of 24 to 
29
o
C. 
 
The first stage larvae will moult two times to become the third stage larvae (L3), which is the 
infective stage.  The first two larval stages (L1 and L2) are non-infective stages as they feed on 
bacteria and organic materials found in the faeces. The L3 is protected from the environment by the 
retained cuticle of the L2 and they survive on the stored nutrients acquired in the early stages of 
their development. The development of infective larvae is dependent on the temperature and 
moisture content of the immediate environment. Under optimal environmental conditions with 
temperatures of 24 - 29
o
C and 80% humidity, the developmental process of L1 to L3 requires about 
7 - 10 days while in cooler temperatures the process may be prolonged (Terefe 2007). The general 
life cycle of GIN in small ruminants are shown in Figure 1.  
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Figure 1. General life cycle of gastrointestinal nematodes of small ruminants (Scheuerle 2009). 
 
 
The L3 are very active and motile and crawl up blades of wet pasture where they are ingested by 
grazing animals. Following ingestion, the L3 release their cuticle (exsheath) in the rumen before 
they travel to the abomasum (Hertzberg et al. 2002). The exsheathment of the L2 cuticle might be 
initiated by the parasite through secretion of an exsheathing fluid and by components of the ruminal 
bicarbonate buffer system (Page 2001). However, a study on the kinetics of passage of H. contortus 
L3 through the rumino-omasal orifice revealed that some of the larvae arriving at the rumino-
omasal orifice were not exsheathed (Dakkak et al. 1981).  
 
In the abomasum, the L3 penetrate the gastric epithelium into the gastric glands where they moult 
and emerge back into the lumen as fourth stage larvae (L4) (Soulsby 1982; Miller 1984). The L4 
remains in the mucous membrane for about 7 - 11 days before emerging as late L4 into the lumen, 
then develop into the immature (L5) and finally to adult stages (Rahman & Collins 1990). 
However, Christie (1970) reported that H. contortus spend a very short period in the mucosa on 
their arrival in the abomasum, where they actually live and develop in the lumen. It takes about 15 - 
18 days for ingested L3 to become adults in sheep (Soulsby 1982). Other authors reported that the 
prepatent period of H. contortus in the host ranges from 19 - 21 days (Kaufmann 1996). Adult H. 
contortus females attach to the mucosa of the abomasum, mate in the abomasum and begins 
producing eggs approximately 3 weeks after being acquired (Haskell 2008). 
  
The L4, L5 and adult worms of H. contortus feed on blood. A large number of worms in the 
abomasum will lead to severe blood loss in the host as each worm can consume about 0.05 ml of 
blood a day (Urquhart et al. 1996). The blood loss is not only due to the feeding activity but also a 
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result of the bleeding of raw ulcers created by the worms after they leave the abomasal wall 
(Shakya 2007). An early study by Martin and Ross (1934) reported that Haemonchus in sheep 
ingests far more blood than is needed for its maintenance and egg-production. 
 
2.3.2. Life span of Haemonchus contortus in their host 
 
 Sheep and goats are the main host of H. contortus (Jacquiet et al. 1998). Adult H. contortus 
are reported to live in the abomasum of the host for months (Haskell 2008). However, studies in 
lambs by Smith (1988) and Coyne et al. (1991) reported the survival of H. contortus in their host 
depends on the initial number of L3 acquired (Table 1). Their results are in contrast to those of 
Barger and Le Jambre (1988) who found no difference in the mean life span for different L3 
dosages acquired by sheep.  
 
In the environment, the pre-infective stages of H. contortus are very susceptible to harsh weather 
conditions with survival on pastures during long, dry seasons just for a few days (Jacquiet et al. 
1998). These authos reported that the prevalence of this nematode reaches 80-85% in sheep and 
goats during the rainy season. Their survival strategy in the environment is likely to involve the 
inhibition of larval development, and the relatively long survival of adult worms in their hosts 
(Jacquiet et al. 1998). 
 
A study by Adam and Beh (1981) reported that a primary infection in sheep with a single dose of 
5,000 H. contortus L3 showed the FEC peaked at 10 weeks p.i before it was no longer detected 55 
weeks later. In recent study on prepatent and patent priods of H. contortus infection, Santos et al. 
(2014) reported that sheep challenged with 4000 L3 sheds the highest of FEC berween 24 and 106 
days p.i. Moreover, the H. contortus eggs were detected in the faeces of infected sheep for a 
minimum of 302 days and lasted for 578 days p.i. Their study results also reported a H. contortus 
establishment rate in young sheep was 22.9% with single infection of 4000 L3. 
 
The effect of H. contortus in sheep and goats is reported to be increasing in importance in temperate 
countries (Santos et al. 2014). It is thought that this is possible as H. contortus has considerable 
ecological and biological plasticity to overcome temperate environmental conditions either by 
increasing their cold tolerance and/or by having developed special survival mechanisms inside and 
outside of their host (Waller et al. 2004).  
 
 
 
 
13 
 
Table 1. Haemonchus contortus survival duration in sheep 
 
Number of L3 acquired 
Mean life span in 
abomasum (days) 
References 
500 66  
Smith (1988) 
50,000 14  
500 41  
Coyne et al. (1991) 
20,000 13  
4,000 100   
Barger and Le Jambre (1988) 8,000 100  
16,000 100  
 
 
The death of parasites within the host is attributable to at least three processes: firstly it is the failure 
of L3 to exsheath following ingestion; secondly it is the failure of L4 to establish due to immune 
exclusion; and thirdly it is the mortality of L4 and adult worms on the mucosal surface as a result of 
the mucosal immune response (Smith 1988). In another study, Christie (1970) reported that 
expulsion of adult worms in sheep given 1,000,000 L3 of H. contortus was associated with rapid 
increases in the pH of abomasal fluid. 
 
2.3.3. Seasonal survival by Haemonchus contortus 
 
The seasonal pattern of H. contortus survival in the environment has been studied. For 
example in Sweden, Waller et al. (2004) conducted a study in sheep with particular reference to 
over-wintering survival strategies of H. contortus. They found H. contortus development was 
almost 100% arrested in early L4 stage as early as mid-summer and the number of parasites 
progressively increased during the season. A study on the survival of free-living stages on pasture 
over-winter also revealed a total absence of H. contortus. They concluded that H. contortus has 
evolved to survive the long, cold winters entirely within the host at an arrested larval stage. They 
also found that the larval were relying on the lambing ewe to complete its life cycle as the peri-
parturient relaxation of resistance triggers the resumption of development to adult egg-laying 
parasites. These findings are in agreement with Rahman and Collins (1990) who found a high faecal 
egg count of H. contortus eggs in does at peri-parturient and kidding times.  The mortality rate was 
reported to be higher among the first and second stage larva while the embryonated egg and the 
infective larva were the more resistant stages (Gordon 1948).   
 
In Australia, Rahman and Collins (1990) reported that the level of infective larvae of H. contortus 
on pasture peaked at environmental temperatures between 24 - 28
o
C and at 80% relative humidity. 
Therefore, they assumed this was the optimal temperature and moisture level for larval survival in 
the environment. In an earlier study in Australia, Gordon (1948) reported that haemonchosis in 
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sheep was seen to be a disease of the warmer months depending basically on the effects of 
temperature on the free-living stages. Similar findings were reported by Gadahi et al. (2009) who 
found that outbreaks of gastrointestinal parasitism were most severe in warm, humid climates at 
temperature between 10 and 26
o
C with the optimal rainfall at least 50 mm. A too hot or dry climate 
will kill the larvae on the pasture. They also reported the numbers of larvae were at a peak in late 
winter and early spring.  
 
Under favourable warm and humid climates, L3 may survive in pastures up to one year while under 
cooler climates, L3 survival usually is weeks to a few months (Shakya 2007). An earlier study by 
Altaif and Yakoob (1987) reported infective larvae in pasture survived up to 32 weeks during 
autumn and winter. The population of H. contortus increased in response to rainfall and declined 
when “self-cure” occurred within the period of optimal temperature (Gordon 1948). “Self-cure” is a 
sudden loss of nematode infestation by grazing sheep and the phenomenon was caused by intake of 
infective larvae rendered hypersensitive as a result of previous infestation (Stewart 1953).  
 
In grazers, parasitic nematode problems are reported greatest in areas with an annual rainfall of 350 
mm or more (Walkden-Brown et al. 2008). This finding is in agreement with another study by 
Chenyambuga et al. (2009) where they reported nematode infection was highest in small East African 
goats and their crosses with Boers and Saanens at the end of the rain season and low during the dry 
season, for goats reared under both extensive and semi-intensive systems. 
 
2.4. Haemonchus contortus in goats 
  
Goats are infected with the same species of the nematode H. contortus and provoke similar 
pathological changes and economic consequences as in sheep (Hoste et al. 2010).  However, studies 
on host-parasite interactions in goats remain few and dispersed. 
 
2.4.1 Prevalence of H. contortus in goats 
 
Haemonchus contortus is the most prevalent blood sucking nematode in small ruminants in 
regions with warm and humid tropical and subtropical climates (Al-Quaisy et al. 1987; Waller & 
Chandrawathani 2005; Shakya 2007; Walkden-Brown et al. 2008). It is also known as the most 
pathogenic parasite that constrains the survival and productivity of sheep and goats owned by rural 
poor farmers in the developing world (Qadir et al. 2010). This nematode is also becoming 
increasingly important in temperate climate countries of Europe (Hoste et al. 2002; Waller et al. 
2004).  
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The prevalence of H. contortus in goats was reported to be seasonal (Nwosu et al. 2007; Sissay et 
al. 2007; Almalaik et al. 2008; Qamar et al. 2009). Prevalence in female goats were reported to be 
higher in female than male goats (Almalaik et al. 2008; Raza et al. 2009; Khan et al. 2010; Sutar et 
al. 2010) although some studies found no significant difference of worm burden between goats 
sexes (Nwosu et al. 2007; Sissay et al. 2007; Qamar et al. 2009; Tariq et al. 2010). The occurrence 
of haemonchosis was also reported to be more frequently recorded in younger goats compared to 
older goats (Osakwe & Anyigor 2007; Raza et al. 2007; Qamar et al. 2009; Khan et al. 2010; Tariq 
et al. 2010). However, there were reports indicating that age had no effects on worm burden in 
goats infected with H. contortus (Bonfoh et al. 1995; Githigia et al. 2005; Nwosu et al. 2007; Sissay 
et al. 2007; Almalaik et al. 2008). The studies on prevalence of gastrointestinal parasites in goats in 
various part of the world, where most goat production occurs are shown in Table 2.  
 
In Australia, there was no information available on H. contortus prevalence. However, H. contortus 
distribution has been reported to be determined by climatic conditions. For example, in Western 
Australia, this nematode is mainly a problem in the higher rainfall areas from late spring to early 
summer, and from late autumn to winter with rainfall more than 600 mm (Besier 2011). In 
Queensland, H. contortus is reported to be the most common and the most pathogenic of the 
helminthes found in sheep flocks with significant worm infestation occuring from areas around 
Mitchell to Dirranbandi particularly during wet summers (Lyndal-Murphy 2007). This author also 
reported that outbreaks of haemonchosis are often seen in young sheep during wet winters on the 
Darling Downs in Queensland.      
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Table 2. Prevalence (%) of H. contortus in goats from various part of the world. 
 
H. contortus prevalence (%) Location and country References 
52.0 Sao Paulo, Mato Grosso do Sul, 
Goias and Minas Gerais, Brazil 
Coelho et al. (2012) 
76.8 Shillong Meghalaya, India Bandyopadhyay et al. 
(2010) 
24.3 Maharashtra, India Sutar et al. (2010) 
40.2 Punjab, Pakistan Khan et al. (2010) 
76.92 Uttarakhand, India Pant et al. (2009) 
28.8 - 43.7* Lahore, Gujranwala, Sheikhupura 
and Kasur, Pakistan 
Qamar et al. (2009) 
31.1 Multan abattoir, Pakistan  Raza et al. (2009) 
64.2 Rawalpindi and Islamabad, Pakistan Gadahi et al. (2009) 
39.8 Sanliurfa, Turkey Altas et al. (2009) 
48.3 Kashmir valley, India Tariq et al. (2010) 
26.0 Western Sudan Almalaik et al.(2008)  
35.4** North-eastern Nigeria Nwosu et al. (2007) 
82.9 Eastern Ethiopia Kumsa and Wossene 
(2006) 
38.1 Ebony State, Nigeria  Osakwe et al. (2007) 
80-100** French West Indies, France Aumont et al. (1997) 
82.6** Togo Bonfoh et al. (1995) 
67.0* Gambia Fritsche et al. (1993) 
* Prevalence in goats and sheep 
** Mixture of Haemonchus spp. + Trichostrongylus spp. 
 
2.4.2. Goats responses to Haemonchus contortus 
 
 The reports on goat responses to H. contortus infection are not in agreement. Goats have 
been reported to be more susceptible to H. contortus infection as compared to sheep (Le Jambre & 
Royal 1976). A comparative study on goats and sheep grazed on contaminated pasture in Australia 
found that goats had a considerably higher faecal egg count and worm burden than sheep (Le 
Jambre & Royal 1976; Le Jambre 1984). A field study conducted by Gadahi et al. (2009) reported 
that the incidence of haemonchosis in goats was higher (64.2%) than sheep (28.9%). Similar results 
were reported by Ali et al. (2000) where their indoor study found 92% of goats and 87% of sheep 
had haemonchosis. A cross-sectional study on prevalence and risk factors in small ruminant 
helminthiasis conducted by Dagnachew et al. (2011) also revealed that goats had a significantly 
higher prevalence than sheep at 55% and 46.1%, respectively, from the overall helminthiasis 
prevalence (47.7%).  
  
The susceptibility of goats to H. contortus could be due to the evolutionary history of goats as 
browsers rather than grazers (Walkden-Brown et al. 2008). As browsers, they had limited access to 
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the free living stage larvae, which are rarely found above 20 cm in the pasture sward (Walkden-
Brown et al. 2008). 
  
However, there are reports, which are contradictory with the above findings. For example, in Iraq, 
Al-Quaisy et al. (1987) reported that paleness, weight loss and anaemia were more marked in 
infected sheep than Awassi goats at day 21 p.i. following infection with 500 L3/ body weight of H. 
contortus that originated from sheep. The haematocrit values fell by 52.4% in infected sheep and by 
26.4% in the goats at day 11 p.i. despite having identical pre-infection values. There were also 
fewer worms recovered from the goats than from Awassi sheep. They stated that these differences 
are possibly immunologic in origin though a genetic resistance may operate, primarily at the level 
of worm establishment (Al-Quaisy et al. 1987).  
 
A more recent study by Al-jebory and Al-Khayat (2012) on H. contortus infection in Awassi sheep 
and Black Iraqi goats aged 8 - 9 months and challenged with 500L3/kg body weight revealed goats 
were highly resistant to H. contortus infection compared with sheep. In their study, these authors 
reported that FEC of infected kids were significantly lower (P<0.01) compared with lambs during 
weeks 5, 7, 8 and 9 p.i The PCV and Hb values in infected kids increased (after depression starting 
at weeks 4 and 5 p.i for lamb and kids, respectively) from week 8 towards the end of experiment, 
while in infected lambs these values were depressed continuously till the last week of the 
experiment. They also reported that the WBC and lymphocyte counts were significantly higher in 
infected kids than in infected lambs.  
 
Reports on goat responses to H. contortus infection are inconclusive. As helminth parasitism of the 
digestive tract remains a major threat affecting goat health and production worldwide, more studies 
on goats especially using more commercial breeds such Boer goats should be conducted. It is 
important to have a complete understanding of goat responses to this blood sucking nematode so 
that control methods can be implemented in order to increase goat production worldwide to meet 
consumer demand.  
 
2.4.3.  Clinical signs of animals infected with H. contortus 
 
 Anaemia is the major clinical sign of H. contortus infection in animals with severity 
depending on the number of worms present in the abomasum (Shakya 2007). Generally, the clinical 
signs of H. contortus infected animals are anaemia, oedema (often manifested as “bottle jaw”), 
rough coat, weight loss and retarded growth (Kaufmann 1996), decreased milk production, 
decreased feed conversion, diarrhoea and death (Navarre & Pugh 2002). Heavy infection (high 
numbers of L3 acquired) will cause death if left untreated especially in young animals due to heavy 
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blood loss; while in a condition of chronic haemonchosis (low L3 intake), the animals appear 
unthrifty, weak and emaciated with or without anaemia (Shakya 2007). Loss of blood  due to 
haematophagia activity will lead to decreases in PCV, haemoglobin, erythrocytes, lymphocytes, 
body weight and wool growth (Rasool et al. 1995).  
In the field, clinical identification of anemia in goats can be conducted using FAMACHA
©
 score 
card (Kaplan et al. 2004). The FAMACHA
© 
score card is an anaemia guide  developed in South 
Africa to identify sheep and goats that require immediate treatment against H. contortus (Van Wyk 
& Bath 2002). Using the FAMACHA
©
 score card the eye mucous membrane of goats are compared 
to five colour classes ranging from normal red eye  membrane (class 1) through pink to practically 
white (class 5) in severely anaemic cases with higher scores, particularly 4 and 5, requiring 
immediate treatment (Kaplan et al. 2004). It’s a selective approach which targets the portion of the 
flock with high worm burdens to be treated while leaving a portion of the flock (uninfected) 
untreated (Kaplan et al. 2004). Treating just the severely infected animals (category 4 and 5 of 
FAMACHA
©
 scores) will minimize the population of free living parasites on pasture exposed to 
anthelmintics (refugia) and therefore reduce the speed of the onset of anthelmintic resistance (Bath 
& Van Wyk 2009).  
2.5.  Parameters used as indicators of host parasitism 
 2.5.1.  Faecal egg counts 
Faecal egg count is the most widely used parameter in studies on GIN infection in ruminants 
(Eysker & Ploeger 2000). Faecal egg count is an indirect measurement of the intensity of parasitism 
in small ruminants (Hoste et al. 2008) and has been used as an indicator of host resistance to 
gastrointestinal parasites in sheep (Pollott et al. 2004). However, it has been claimed that in most 
instances FEC does not reflect nematode infection level, and therefore should be used with great 
caution as an estimator of clinical disease (Eysker & Ploeger 2000).  
 
Faecal egg count has also been used to determine the resistance of goats against H. contortus (Leite-
Browning 2006). Based on the FEC of naturally infected and challenged Angora goats with T. 
colubriformis, Vlassoff et al. (1999) reported that some degree of resistance to nematode 
establishment had developed in goats by 12 months of age following a significantly lower FEC at 
this age as compared to younger ages (6 months old).  
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2.5.2. Packed cell volume 
  
Packed cell volume is an important diagnostic tool, and is a fast and reliable method for the 
quick diagnosis of anaemia and can be used to infer the presence within an animal of helminth or 
protozoan diseases (Chandrawathani et al. 2009).  
 
The PCV values in goats are reported to be affected by breed, within breed differences, and weeks 
of exposure to H. contortus (Costa et al. 2000). In their study using yearling Caninde, Bhuj and 
Anglo-Nubian breeds of goats, they monitored the FEC, PCV and haemoglobin from Day 0 onward 
to Week 18 at two week intervals. They found that Anglo-Nubians had higher (P<0.01) PCV and 
haemoglobin than Caninde goats, and Bhuj goats had intermediate values. There were two EPG 
rises; one between Weeks 6 and 10 and the other between Weeks 14 and 16. The within- breed 
variability was marked during the EPG rise in Week 6, when individual egg counts ranged from 130 
to 2,500 per gram of faeces. However, the breed differences in PCV previously reported were not 
manifested until the kids were about 10 to 12 months of age (Baker 1998). In contrast with the 
above findings, Chauhan et al. (2003) found no significant differences between breeds for Barbari 
and Jamnapari kids in FEC or PCV at any age, with animals infected with H. contortus. In sheep, 
Okaiyeto et al. (2010) reported that a higher FEC corresponded to the decrease of PCV in animals 
infected with Trypanosoma congolense and H. contortus. 
 
2.5.3. Haemoglobin 
  
Haemoglobin is a vital oxygen-transporting metaloprotein present in the erythrocytes 
(Hemminger et al. 2012). Haemoglobin concentration can be used to diagnose anaemic level in 
human in the case of anaemia due to iron deficiency (WHO 2011). A decrease in haemoglobin 
concentration is an important indicator of haemonchosis in sheep and goats (Qamar et al. 2009). 
Haemoglobin values in goats infected with H. contortus are reported to vary in animals between 
breeds, within breeds, and weeks of exposure (Pralomkarn et al. 1997; Costa et al. 2000). Decreases 
in haemoglobin values were found to be correlated with rises in FEC of faeces from Caninde, Bhuj 
and Anglo-Nubian breeds of goats infected with H. contortus (Costa et al. 2000). Haemoglobin was 
also reported to be negatively correlated with the FEC and positively correlated with PCV in sheep 
and goats infected with H. contortus (Chaudary et al. 2007). 
 
2.5.4.   Mean corpuscular volume (average volume of a single red blood cell) 
 
 Mean corpuscular volume (MCV), which reflects the size of the red blood cell is one of the 
indicators of anaemia and used as a guide to further investigate the anaemic status of humans 
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(Lewis et al. 2001). Low MCV values may be indicative of iron deficiency in the blood, which is 
the commonest cause of anaemia. In the case of parasite infection, iron deficiency can occur due to 
blood loss, depending on the severity. Therefore, stool examination can be used to determine the 
cause of iron deficiency (Lewis et al. 2001). Studies in Angora goat kids showed that the MCV 
values were significantly reduced after being naturally challenged with H. contortus at 5 months of 
age (Walkden-Brown et al. 2008; Bolormaa et al. 2010). They also stated that the MCV and PCV 
values in Angora goats were significant influence by birth type with twin-born kids having lower 
PCV and MCV at 3 months of age. However, the birth type effect generally disappeared as the kids 
grow older. 
 
2.5.5.   Mean corpuscular haemoglobin concentration  
 
 Mean corpuscular haemoglobin concentration (MCHC) is the average concentration of 
haemoglobin that is expressed as the average weight of haemoglobin per unit volume in red blood 
cells (Perkins 2009). A low value of MCHC can occur in a strongly regenerative anaemia and iron 
deficiency anaemia (Cornell University 1996). MCHC is one of the variables used to assess the 
pathological consequences of infection with blood sucking parasites such as Haemonchus contortus 
(Walkden-Brown et al. 2008). In their study using Angora goats naturally challenged by 
Haemonchus contortus at 5 months compared to 3 months of age MCHC showed lower values in 
their haematological analysis at all ages compared to the PCV and MCV. In a study by Abdel-Nabi 
et al. (2002) in Egypt on domestic goats naturally infected with nematodes MCHC values were 
significantly reduced when the number of nematode eggs in the faeces increased. These two studies 
show that this blood sucking nematode indeed has a significant impact on the MCHC of the 
infected animals. 
 
2.5.6.   Eosinophils 
 
Eosinophils are destructive effector cells responsible for host defence against helminths 
(Jacobsen et al. 2007) and eosinophilia is a common feature in helminthiasis (Schallig 2000). 
Eosinophils are known to be implicated in parasite rejection (Meeusen et al. 2005). The number of 
eosinophils increase dramatically in the blood and tissue following helminth infection (Ovington & 
Behm 1997; Balic et al. 2000a; Ganley-Leal et al. 2006) and they rapidly migrate to the site of 
infection before they degranulate and release secondary granule proteins (ESPGs) (Anthony et al. 
2007).  
 
In H. contortus and T. circumcincta infections, eosinophil infiltration seems to be closely associated 
with the presence of tissue larvae (Balic et al. 2002). A study in sheep sensitized with H. contortus 
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L3 and rested for 9 weeks before being challenge again showed that the L3 had various stages of 
damage and structural collapse. These studies strongly indicated that eosinophils can damage and 
probably kill gastrointestinal nematode larvae in vivo. In addition, they also suggest that effective 
killing by tissue eosinophils may depend on other microenvironmental factors such as 
intraepithelial mast cells and IL-4 (Balic et al. 2006). In sheep, the animals infected with H. 
contortus developed a higher eosinophil value compared with the control group, which was 
regarded as an indicator of tissue invading helminths by Okaiyeto et al. (2010). In Creole goat kids 
naturally challenged by H. contortus in the field, blood eosinophil counts were reported negatively 
correlated with the FEC (de la Chevrotie`re et al. 2012). They suggested that the eosinophil 
population plays a role in the resistance to nematode infection as these cells were also moderately 
heritable in Creolo goats.   
 
2.5.7.  IgG antibody 
 
The role of IgG in relation to gastrointestinal nematode infections in goats is also not clear.  
However, Yalcin et al. (2010) reported that IgG is an important antibody to provide humoral 
immunity during the neonatal period and in adults IgG is a specific antibody against parasites. 
Immunoglobulin G is reported to be the main immunoglobulin found in milk and colostrum of 
ruminants (Tizard 2000). He indicated that the IgG found in milk and colostrum was from different 
sources. All the IgG in colostrum was derived from the serum which is transported via a selective 
mechanism from the maternal circulation prior to parturition, whereas in milk, the IgG were 
produced locally by the udder. 
 
The concentration IgG1 found in the serum of lambs infected with Haemonchus is not a predictive 
value in identifying those animals resistant to the nematodes (Kassai et al. 1990). The IgG response 
is reported to be strong during early stages of primary infections (Perez et al. 2003). Serum parasite-
specific IgG concentrations were reported to have increased after primary infection with H. 
contortus in West African Dwarf goats, but no significant increases were found after secondary 
infection with the same nematode (Fakae et al. 1999). They indicated such responses might be due 
to the strong influence by host genetics. In cattle infected with Leptospira hardjo, Pritchard (2001) 
reported that IgG was not detected in the serum until 3 or 4 weeks post infection, and this type of 
immunoglobulin persists in serum for about 2 years.   
 
2.5.8.   IgA antibody  
 
The role of IgA antibodies in goats, in relation to gastrointestinal nematode infection, is still 
not well elucidated. However, studies in sheep shows that IgA concentration appears to be the 
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major mechanism regulating nematode length (Stear et al. 1999) and fecundity (Strain & Stear 
2001). However, IgA levels in serum cannot be used as predictive values in identifying lambs that 
are genetically resistant to Haemonchus infection (Kassai et al. 1990). A study of immune sheep 
showed a low level of anti-H.contortus serum IgA (Schallig et al. 1995). In another paper by 
Schallig (2000) he stated that the mechanism by which IgA together with IgG antibodies contribute 
to immunity against gastrointestinal nematodes in sheep is not completely clear.  
 
In contrast, Smith and Christie (1978) found that there were increased concentrations of IgA and 
IgG antibodies in the abomasal mucosa in sheep when challenged with irradiated H. contortus 
larvae, suggesting that the antibodies in the mucus are more likely the important type of antibody 
against nematodes in the resistance mechanism. These findings are supported by Balic et al. (2000a) 
where they reported that IgA responses are typically associated with gastrointestinal nematode 
infections which are prominently noticed in mucosal sites of infection. A recent study in goats using 
Creole kids naturally challenged by H. contortus at pasture in France showed that the IgA response 
was positively correlated to FEC (de la Chevrotie`re et al. 2012).   
 
2. 5. 9.  IgE antibody 
 
Helminth infections are characteristically associated not only with peripheral blood and 
tissue eosinophilia, but also with high levels of both total and antigen-specific IgE antibodies (Kita 
& Gleich 1997). For example in sheep, infection with H. contortus resulted in elevated IgE levels in 
serum 2 - 4 weeks after infection (Kooyman et al. 1997).  
 
In mammals, elevated IgE responses following nematode infection is well documented. However, 
studies on IgE responses in ruminants are mostly restricted to sheep and cattle (Bambou et al. 2008) 
and a study by Kooyman et al. (1997) found a negative correlation between worm counts within the 
GIT and total serum IgE in sheep repeatedly parasitised with H. contortus. In goats, IgE response 
against H. contortus L3 was reported to be negatively correlated with the FEC (de la Chevrotie`re et 
al. 2012). However, they observed a strong positive genetic correlation between IgE responses 
against L3 and adult excretory/secretory antigens of H. contortus in Creole goats, which indicates 
the humoral immune response is not specific to the life cycle stage. Therefore, they suggested that 
IgE responses against L3 may be an important pathway for development of resistance against 
haemonchosis in goats.   
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2.5.10.    IgM antibody 
 
To date the role of IgM in parasitised goats has not been discussed in the literature. In 8 
month old sheep, Schallig et al. (1995) reported that IgM was less dominant as compared to IgG1 in 
the serum antibody responses after primary infection by H. contortus L3 even though the level is 
increased following infection with the same nematode L3. As the non-infected group of sheep was 
also showing the increased levels of IgM compared to the infected group during their experiment, 
they stated that the elevation of IgM antibodies could be due to the cross-reaction or non-specific 
antibodies in the serum samples.  
 
A previous study (Gill et al. 1993) reported that there were no differences in IgG2 and IgM 
antibody responses between pasture-reared, genetically resistant and random-bred sheep infected 
with H. contortus. However, in both studies above the role of IgM was not clear. For example 
following bacterial infection with Leptospira hardjo in cattle, Pritchard (2001) stated that the 
presence of IgM in serum indicated a recent infection. The same author reported the concentration 
of IgM peaked at 10 to 20 days post infection and declined within 6 to 12 months.  
 
2.6. Immune responses against gastrointestinal nematode parasites in small ruminants  
 
The host immune responses against helminth infections are understood as products of a 
prolonged dynamic co-evolution between the host and the parasites (Anthony et al. 2007; Moreau & 
Chauvin 2010). A study on the mechanisms underlying resistance to nematode infection showed 
that resistance to parasites is acquired and not innate (Stear et al. 1999). It is advantageous for 
parasites to find a suitable niche for maturation and propagation inside the host by tricking them to 
develop an ineffective immune response without killing or unduly harming the host. Conversely, 
the host has to generate an effective immune response in order to expel the parasite and minimise 
their harmful effects, while not compromising its ability to effectively respond to other pathogens 
(Anthony et al. 2007).  
 
In the interaction between host and nematode parasites, immunity is considered the major host 
defence mechanism. As described by Miller and Horohov (2006) following infection, the immune 
system reacts through a series of activities that mobilize various components such as antibodies, 
lymphocytes, mast cells and eosinophils, which then attack and eliminate the invading parasites. 
The ultimate result of parasitic infection of a host is either establishment of infection or expulsion 
of the invading parasites, in which both humoral and cellular aspects of the host adaptive immune 
system are actively involved in response to invasion (Shakya 2007).  
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The underlying mechanism explaining the differences in the intensity of nematode 
infections within a host are known to be related to some components of the host immune responses 
(Baker 1999). Generally, the immune response of the host to helminth infection is characterised by 
a skewed T helper cell type 2 (Th2)-like response, which the helminths may have developed several 
means of escaping (Moreau & Chauvin 2010). Therefore, helminths have been called “masters of 
immunomodulation” by Maizels et al. (2004) due to their immunomodulatory abilities to persist in 
the host.  
 
In order to establish themselves within a host, helminths need to penetrate a diverse range of host 
tissue barriers, acquire nutrients and evade the host immune response (Knox 2007). Typical 
immune responses against helminths are reportedly associated with hypereosinophilia, considerable 
IgE production, mucous mastocytosis, and goblet cell hyperplasia (Moreau & Chauvin 2010). The 
production of the cytokines interleukin-4 (IL-4), IL-5, IL-10, IL-13 and the expansion and 
mobilization of specific effector cells such as basophils is also considered typical (Maizels et al. 
2004), which collectively is known as a T-helper 2 (Th2) type immune response (Abbas et al. 
1996). Those immune parameters are involved in different effector mechanisms depending on the 
location of the helminths within the host (Moreau & Chauvin 2010).  
 
Manifestations such as the expulsion of adult parasites, reduction in worm length, decrease in 
female worm fecundity, failure of infective larvae to establish and arrested development of larvae 
are indications of host immune responses against GIN (Onah & Nawa 2000). However, the major 
manifestation of acquired immunity to GIN, which has been described in rodents and ruminants 
were the failure of infective larvae to establish and mature to adults in the gastrointestinal tract.  
 
In small ruminants the immune response against GIN is well documented in sheep (Khan & Collins 
2004; Miller & Horohov 2006). In sheep, studies conducted by Meeusen (2005) revealed parasite 
rejection and killing were mediated by specific antibodies which acted in concert with effector cells, 
in particular globular leukocytes (intraepithelial mast cells) and eosinophils, appropriately activated/ 
primed by type 2 (T2) cytokines as discussed in the earlier section. 
 
Goats have been reported to develop poorer immune responses against GIN than sheep (Hoste et al. 
2008). In the review article by Hoste et al. (2008) they outlined at least three main differences 
between goats and sheep. Firstly, goats and sheep differ in terms of pharmacokinetics of 
anthelmintic drugs and its therapeutic recommendation. Secondly, they differ in their feeding 
behaviour, in which goats are classified as ‘browsers’ while sheep are ‘grazers’, and third is their 
differences in acquisition and expression of immune responses against GIN with implications for 
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their epidemiology, pathology and control. These differences have been found in many studies 
examining the ability of goats to regulate the establishment of larval challenge. Those goats that had 
repeated previous contact with nematodes showed no significant difference in worm burden when 
compared to a challenged, naïve control group. These have been observed in studies in goats 
challenged with different nematodes species as shown in Table 3. 
 
In animals, the immune system will mature with age (Coop & Kyriazakis 2001). Given equal 
exposure to parasites young animals are likely to harbour the heaviest infection level and suffer the 
most detrimental consequences as compared to adult animals (Miller & Horohov 2006). Young 
goats are claimed to face risk of two times or greater to GIN infection as compared to adults goats 
(Magona & Musisi 2002). In their study they found that age, grazing system, season and 
agroclimatic zone have highly significant (P<0.001) influences on the level of risk of nematode 
infection. In contrast, a study by Richard et al. (1990) in lactating goats reported that adult goats 
have higher levels of infection than young ones, but it is unclear if the stage of lactation influenced 
the susceptibility as there was no attempt in their study to investigate the relationship between 
lactation and the level of parasitism. However, a study by Hoste and Chartier (1993) on a 
comparison of the effects on milk production on concurrent infection with H. contortus and T. 
colubriformis in high- and low-producing dairy goats showed the high producer goats were more 
susceptible to infection and led to persistent decreases in milk yield. This study provides evidence 
that lactation in dairy goats will reduce their resistance against nematode infection, and therefore 
they might harbour more parasitic nematodes than younger goats.      
 
It is well known that gastrointestinal parasites are a major cause of impaired productivity in 
ruminants worldwide (Githigia et al. 2001; Bambou et al. 2011). The pathophysiological effects of 
helminth infection in ruminants are reported as loss of appetite, digestive disturbances, alteration of 
energy, protein and mineral metabolism, and anaemia accompanied by hypoproteinaemia and 
oedema in severe cases (Holmes 1987). The productivity in ruminants suffering from helminthiasis  
is impaired due to loss of body weight (Sykes & Coop 1976), loss of fibre production (Steel et al. 
1982), loss of milk production (Gross et al. 1999; Sanchez et al. 2004), premature culling of 
affected animals and mortality in severe cases of infection (Holmes 1987). 
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Table 3. Pathophysiological changes and type of immune responses in goats infected with 
gastrointestinal nematodes. 
 
Type of 
animals 
Nematode species 
used for 
challenge/infection 
Study results/pathophysiological changes/type of 
immune responses  
References 
Saanen 
wether 
goats 
H. contortus Serum pepsinogen values rose significantly as a result of 
infection but there was no significant (P>0.05) correlation 
between worm counts and pepsinogen values on the day of 
slaughter. 
Pomroy and 
Charleston  
(1989) 
French 
Alpine 
dairy 
goats 
(lactating) 
T. colubriformis 
and  H. contortus 
(comparison 
between previously 
infected and not 
previously infected 
animals)  
No difference in worm counts but pathophysiological 
parameters (PCV, inorganic phosphate and pepsinogen 
concentrations) with consequences of infection being more 
severe in the previously infected animals. 
Results indicate that the response developed by adult dairy 
goats after the challenge infection was unable to limit the 
worm populations but could have pathophysiological 
repercussions and consequences on production. 
Hoste and 
Chartier 
(1998) 
Angora 
goats (2 
years old) 
T. colubriformis 
and T. circumcincta 
No protection in immunized goats was achieved. In fact, 
immunized goats produced significantly more nematode 
eggs than the nonimmunized group. 
Hadas and 
Stankiewicz 
(1997) 
Angora 
goats  
(6 months 
and 2 
years old) 
T. colubriformis No significant difference in FEC from those exposed only to 
natural challenge, indicating that the drench-abbreviated 
experimental infections had had no immunizing effect.  
Does that had given birth and were lactating at 24 months 
had significantly higher FECs than 'dry' does in the flock 
(P< 0.01), suggesting that like sheep, goats exhibit a post-
parturient relaxation of immunity. 
Vlassoff et al. 
(1999) 
Serrana 
goats 
(5 months 
old) 
H. contortus 
(In-door trial) 
Eosinophils, mast cells, CD3+ T lymphocytes, CD79a+ B 
cells, IgG+ plasma cells and globule leukocytes were 
recorded in the abomasal mucosa, especially at 7 week post 
infection. 
Abomasal lymph nodes showed marked hyperplasia, 
particularly of CD79a+ B cells and IgG+ plasma cells which 
may play role in worm rejection.  
Globule leukocytes may have been involved in rejection of 
adult nematodes. 
Perez et al. 
(2001) 
Florida 
goats 
(5-month-
old male) 
H. contortus  Distribution of T lymphocytes (CD3), B cells (CD79) and 
IgG secreting plasma cells occurred in the abomasum and 
abomasal lymph nodes during early and late post-infection 
stages.  
Infiltration of eosinophils, mast cells, CD3
+
 T lymphocytes, 
CD79α+B cells and IgG+ plasma cells in the abomasal 
mucosa were increased dramatically from 10 days post 
infection onwards higher in reinfected goats. 
Globule leukocytes were observed only during chronic 
infection. 
Abomasal lymph nodes showed marked hyperplasia of 
lymphoid follicles and medullary cords, with increase of 
CD3
+
 T lymphocytes, CD79α+B cells and IgG+ plasma cells 
10 days post infection onwards 
Perez et al. 
(2003) 
 
 
2.6.1. Summary 
 
In efforts to characterise the immune response to gastrointestinal nematodes in goats, studies 
have principally focused on the role of IgG, IgA and eosinophil. However, the roles of immune 
parameters including other antibodies, lymphocytes and eosinophil are still not clearly elucidated in 
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goats and are believed to be expressed much later in life, than in sheep, even though they are 
exposed much earlier to the infection as compared to sheep. Furthermore, studies on the resistance 
and resilience of goats to H. contortus were mostly conducted on breeds such Creole, Cashmere, 
Angora, WAD and SEA. The expression of immune parameters for resistance/resilience together 
with parasitism indicators such as FEC and haematological parameters are believed to be influenced 
by age, production status, genetics of the host, worm burden acquired and duration of exposure to 
the parasites. In order to have a thorough understanding of the role of immune parameters and their 
correlation with parasitism indicators such as FEC and haematological parameters against H. 
contortus, for selection of resistance and resilience in goats for breeding purposes, more studies 
should be conducted using other commercial breeds of goats.     
 
2.7. Characteristics for resistance and resilience against gastrointestinal nematode 
infection in ruminants 
 
In the context of parasite infections in animals, “resistance” has been defined as the ability 
to suppress the establishment and/or subsequent development of a parasite, while “resilience” is the 
ability to maintain relatively undepressed production while subjected to parasite challenge (Albers 
et al. 1987; Woolaston & Eady 1995; Bisset & Morris 1996; Walkden-Brown et al. 2008). 
  
As indicated by Woolaston and Eady (1995), resistant animals could reduce the total number of 
nematodes in the production system by passing fewer eggs as they harbour less nematodes 
compared to susceptible animals that are exposed to the same nematode burden in the field. This 
will lead to a progressive reduction in pasture contamination as a result of a smaller number of 
nematodes in each of its generation.  
  
There is some argument among researchers on the feasibility of selecting resistance or resilience in 
animals for breeding, which remains controversial (Walkden-Brown et al. 2008). As indicated 
earlier by Le Jambre (1993) one criticism frequently directed at these genetic selection programs is 
that parasites are likely to adapt to the resistant host in much less time than it took to select the host 
in the first instance, due to its much higher reproductive rate and shorter life cycle. Other 
researchers have indicated that selecting resistant hosts poses a direct challenge to the parasites’ 
existence and as parasites can adapt to threats from anthelmintics, they can probably also adapt to a 
resistant host (Woolaston & Eady 1995).  
  
A study on the feasibility of breeding for resistance or resilience to the nematode H. contortus was 
first done by Albers et al. (1987) in young Merino sheep. In their study, 60 half-sib groups of fine-
medium wool Merino sheep were monitored over three years to estimate the genetic correlations 
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between parameters such as FEC and PCV for resistance, and resilience was measured by 
productivity such as live weight and wool production during infection as well as in the absence of 
infection. They found that the heritability of resilience was very low and appeared to be far less 
heritable than resistance. However, as the two traits have favourable genetic correlation, the 
selection for increased resistance should lead to an automatic improvement in resilience (Albers et 
al. 1987; Woolaston & Eady 1995). Another feasibility study on breeding for resilience to 
nematodes in sheep was conducted by Bisset and Morris (1996) in which they found relatively low 
heritability’s of resilience ranging from 0.10 ± 0.03 to 0.19 ± 0.04 in lambs. Moreover, they found 
no positive association between resilience to nematode challenge and resistance to infection as there 
were no significant production advantages between resilience and resistance in Romney sheep when 
they grazed together under the same larval challenge.       
 
Mechanisms responsible for resistance in animals against nematode infections was reported to be 
not fully understood (Amarante & Amarante 2003). It has also been reported that the parameters 
related to resistance status in animals infected by helminths, which is determined by genetic 
variations varies (Wakelin 1985; Albers et al. 1987). However, both Wakelin (1985) and Albers et 
al. (1987) noted that as far as the infection of helminths in animals is concerned, variations of 
parameters are essentially quantitative, not qualitative. Among those common parameters 
associated with genetic resistance status in ruminants against nematodes are low FEC, high PCV 
and high eosinophil numbers in the infected animals (Buddle et al. 1992; Patterson et al. 1996a; 
Vlassoff et al. 1999; Vanimisetti et al. 2004). Based on the reduction of FEC from Angora goats 
demonstrated in a subsequent challenge by T. colubriformis, Vlassoff et al. (1999) suggested that 
some degree of resistance to nematode establishment had developed in goats by 12 - 18 months of 
age.  
 
A significant negative correlation between blood eosinophilia and FEC in Romney lambs indicated 
the expression of resistance as claimed by Buddle et al. (1992). Moreover, Dawkins et al. (1989) 
suggested that peripheral eosinophilia was more a measure of host responsiveness to infection than 
an indicator of helminthiasis. However, not all researchers agreed on the same parameters as 
resistance indicators in animals against nematode infection. For example, Fakae et al. (1999) 
mentioned that FEC, IgG levels and circulating eosinophils were not significantly associated with 
infection intensity or manifestation of acquired immunity. In fact, they suggested that PCV and red 
blood cell (RBC) count were reliable measures of host pathology and resilience to H. contortus 
infection in West African Dwarf goats as they found the changes in RBC counts were very similar 
to changes in PCV. In contrast, Vlassoff et al. (1999) suggested that FEC would probably provide 
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the most reliable data for calculating heritability estimates. No significant correlation between 
eosinophil counts and the relative faecal egg counts or number of GIT nematodes in lambs 
challenged with H. contortus L3 were reported by Gill (1993).   
  
Other parameters reported as indicators of resistance to nematode infection in ruminants are high 
lymphocyte counts (Riffkin & Dobson 1979), high haemoglobin concentration (Costa et al. 2000) 
and lower worm count (Amarante et al. 1999) in infected animals. Worm counts have been used by 
Amarante et al. (1999) as a parameter to evaluate sheep breed (Florida Native, Rambouillet and 
crossbreed ewes) resistance status against H. contortus. They reported that lower worm counts 
found in crossbreeding Rambouillet and Florida Native sheep is presumably considered to be due to 
rapid rejection of most of the H. contortus larvae. A significant inverse correlation between blood 
lymphocyte counts and worm fecundity in sheep infected with H. contortus larvae was reported by 
Rowe et al. (2008). They indicated that absence of correlation between worm fecundity and other 
leukocyte and erythrocyte counts highlighted the specificity of the lymphocyte response.  
 
The mechanism of the development of resistance in animals against nematodes was reported to be 
associated with a response mediated by lymphocytes at the Th2 CD4
+ 
type, increases in mast cell 
number in the mucosa, production of specific antibodies (IgG, IgA and IgE), increased mucous 
production and the presence of inhibitory function in the gut of infected hosts (Amarante & 
Amarante 2003). The details and roles of these parameters have been discussed in earlier sections.        
 
2.8. Immunoglobulin transfer in milk of goats against Haemonchus contortus 
  
 The survival of new born goat kids, like the young of other livestock species, depends on the 
ingestion of antibody-rich colostrum shortly after birth to provide passive immunologic protection 
until they produce their own array of protective antibodies (O'Brian & Sherman 1993). The serum 
of newborn kids containing immunoglobulins less than 1,200 mg/dl was considered a failure of the 
passive transfer of maternal immunity (O'Brian & Sherman 1993). 
 
It has been reported that passive humoral immunity against H. contortus in Boer cross with 
Brazilian goat kids occurs via the colostrum and not by transplacental transference of antibodies 
(Guedes et al. 2010). They claimed this based on the absence of antibodies in newborn kid sera 
collected immediately after birth and before colostrum ingestion. Their findings were supported by 
a positive detection of antibody in serum samples collected from the same kids at 30 - 60 days after 
colostrum and milk ingestion; while the FEC result was negative.  
  
30 
 
As reported by Guedes et al. (2010), the average total of IgG and IgA concentrations from 
colostrum and milk from goats naturally infected with H. contortus were 125.4 ± 20.47 ng mL
-1
 and 
25.5 ± 21.77 ng mL
-1
,
 
respectively. Three months after kidding, the total IgG concentration in milk 
was increased to 6,638 ± 2,539 ng mL
-1 
while IgA antibody was not detected. In young goats, the 
sera collected from one month old kids showed the optical density (OD) of 0.87, 0.69 and 0.54 for 
IgG, IgM and IgA, respectively against H. contortus. Immunoglobulin A in the blood serum of kids 
and dams’ milk were significant and positively correlated until 4 months of age, while IgG 
concentration in serum and milk were not significantly correlated. According to Tizard (2000), the 
amount of immunoglobulin in milk falls as lactation progresses but increases again by mid 
lactation. 
 
The passive humoral immunity derived from colostrum and milk in young animals decreased with 
age due to the metabolic processing of maternal proteins by the offspring (Pisarska et al. 2002). In 
normal adult goats, Micusan and Borduas (1977) reported that the serum concentration of total IgG 
was established to be 19.97 ± 1.55 mg/ml, IgG1 at 10.9 ± 0.84 mg/ml and IgG2 at 9.1 ± 0.78 
mg/ml. No significant variations were found to be associated with the seasons of the year but 
changes in concentration, especially in serum IgG1 occurred ante- and post-partum. They also 
reported that the IgG concentration in goat colostrum is about 2.4 - 2.8 times greater than in serum, 
and the IgG1 subclass accounts for 95 - 98%. The IgG1 subgroup are prevalence in colostrum 
especially in the first mammary feeding because this immunoglobulin is bound to the neonatal Fc 
receptor for IgG (FcRN) present in the mammary gland and will be promptly absorbed from the 
colostrum (Mayer et al. 2002).    
 
2.8.1. Summary 
 
Immunoglobulins found in colostrum and milk that are consumed by the newborn kid play 
an important role in their well-being and for their survival in early life. However, very limited 
studies have been conducted in goats about the immuno-protection offered by maternal milk as well 
as the humoral immune status at weaning. There have been limited studies on the correlation 
between blood and colostrum/milk immunoglobulins content of dams infected with H. contortus. 
Therefore, more studies should be conducted to investigate maternal serum, colostrum and milk 
immunoglobulin contents of dams together with the serum immunoglobulin content from their kids 
in order to gain more knowledge about the role of immunoglobulins in colostrum/milk to the later 
life of the kids.   
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2.9. Strategies to control nematode ruminants   
 
 A number of strategies are utilised by farmers in order to control and prevent their animals 
from getting nematode infections. Based on the focus of the control, Walkden-Brown et al. (2008) 
classified strategies into three categories. Firstly, focusing on the pathogen itself through 
chemotherapy and anthelmintics; secondly, focusing on the environment through biosecurity and 
grazing management; and lastly, focusing on the animal through vaccination, host nutrition and 
selection of resistance animals. New strategies are still being developed and some strategies are 
more successful than others (Shakya 2007) and these strategies will be discussed below.  
 
2.9.1. Anthelmintic and alternative measures for controlling gastrointestinal 
nematodes in small ruminants 
 
The control of parasitic gastroenteritis in order to achieve satisfactory livestock production 
relies heavily on the use of anthelmintics (Sargison et al. 2005). However, the intensive application 
and sole reliance on anthelmintics is considered to be a non-sustainable control option, as the 
nematodes show a rapid appearance of anthelmintic resistance (Jackson 2008). It has been recorded 
in many parts of the world that nematode parasite populations have been found with multiple 
resistance to all three major groups of anthelmintic drugs: benzimidazoles, levamisole and 
avermectins’ which is a particular problem in sheep, goats and horses (Zajac & Gipson 2000; 
Bartley et al. 2004; McKellar & Jackson 2004). 
   
Goats and sheep are known to be infected with the same nematode species, which provoke similar 
processes and mechanisms of pathophysiological changes and economic consequences (Hoste et al. 
2008). Therefore, it has been considered for some time that goats are similar to sheep and that 
results acquired from sheep are also applicable to goats, which lead to severe consequences for the 
goat industry (Hoste et al. 2010). 
  
The control of GIN in goats is often dependent on the “off label” use of anthelmintics used in sheep 
due to little guidance on the appropriate dose rates for goats (Edwards et al. 2007). There are very 
few drenches developed specifically for goats. In fact, until 2007, Edward et al. (2007) reported that 
there was no anthelmintic authorised for use in goats in United Kingdom. In Australia, there was 
only one product “Caprimec” which is a macrocyclic lactone solution released in 2008, but this 
product is very similar to products used to control helminths in sheep.  
 
A study on the efficacy of benzimidazole anthelmintics in goats and sheep in the Philippines using a 
larval development assay showed a wide range of efficacy from 0 - 100%, in which the efficacy 
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levels was reported continuous, with mean efficacy of 82 and 64% for goats and sheep, respectively 
(Ancheta et al. 2004). Another study on benzimidazole conducted in the Czech Republic on sheep 
flocks revealed the efficacy levels to control nematodes were from 25 - 98% (Vernerova et al. 
2009). In the United States, at least two studies have been conducted on the efficacy of four 
anthelmintics against gastrointestinal nematodes. In 2001, the efficacy of moxidectin, levamisole, 
albendazole and ivermectin were reported at 100, 94, 87, and 0%, respectively (Terrill et al. 2001). 
Eight years later, the resistance of nematodes against anthelmintics were reported at 98, 54, 76 and 
24% for benzimidazole, levamisole, ivermectin and moxidectin, respectively (Howell et al. 2008). 
In Denmark, the mean efficacy of FEC reduction percentages in goats for albendazole, ivermectin, 
levamisole, and moxidectin were 67, 54, 94, and 99%, respectively (Mortensen et al. 2003). 
  
A study using a high performance liquid chromatography (HPLC) assay enabled the quantitation of 
levamisole in the biological fluids from ewes and goats (Galtier et al. 1981). These researchers 
reported that goats could metabolise the anthelmintic faster than sheep. Therefore, treating goats 
with the same dose of anthelmintics as in sheep at the recommended sheep dose rate has resulted in 
anthelmintic underdosing; thus, causing a reduced efficacy which leads to the development of a 
higher anthelmintic resistance in goats as compared to sheep (Hoste et al. 2010). This phenomenon 
was reported by Baker et al. (2001) where they found that, in Galla and Small East African goats, 
the resistance of worms to ivermectin and fenbendazole was more severe when they treated with the 
same anthelmintic dose as that recommended for sheep. This could be the reason why some studies 
suggest a higher anthelmintic dose rate (double) for goats as compared to sheep (Coles 1997; 
Mortensen et al. 2003). 
 
Manufactured anthelmintics, besides the increasing problem of resistance as described earlier, have 
some serious problems such as non-availability in some developing countries, are costly to poor 
farmers, have the risk of misuse leading to drug resistance, environmental pollution and food 
residues (Hammond et al. 1997). Therefore, the development of alternatives for helminth control, 
which are less reliant on chemotherapeutics, is considered the way forward (Gill & Le Jambre 
1996; Waller 1999).  
 
One of the alternative measures to control helminth infection in animals is by feeding them plants 
with high condensed tannin content - which is an indigenous methods of controlling worm 
infestations in goats, typically through the use of selected shrubs or leguminous forages. Study 
results on three plant extracts from neem (Azadirachta indica), wormwood (Artemisia absinthium) 
and tobacco (Nicotiana tabacum) on Boer goats by Worku et al. (2009) to control GIN were 
considered not effective as they failed to reduce any faecal worm egg counts in all the treated 
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groups as compared to the control group. These plant extracts were given as drenches to the animals 
at a concentration of 200 mg per kg body weight in sterile distilled water on day 28 after the 
animals had been artificially challenged with a mixture H. contortus (80%) and Trichostrongylus 
sp. (20%). These workers concluded that genetic variability among goats may influence their 
response to plant extracts. Many studies have been conducted to determine the effectiveness of 
medicinal plants on GIN and the results vary as shown in Table 4. 
 
Table 4. Effects of medicinal plants on gastrointestinal nematodes in livestock. 
 
Type of plant and 
plant portion eaten 
Effectiveness (total reduction)  Animals References 
Wormwood (Artemisia 
brevifolia) - fresh 
whole plant 
62% H. contortus eggs 
Sheep 
 
Iqbal et al. 
(2004) 
Fagara (Zanthoxylum 
zanthoxyloides) - fresh 
leaves 
57.8% H. contortus eggs 
Sheep 
 
Hounzangbe-
Adote et al. 
(2005) 
Sericea lespedeza (SL, 
Lespedeza cuneata) - 
grazed 
58.2% Eggs to L3 Goats 
Min et al. 
(2004) 
L. cuneata - hay 
76% Total adult worm 
(94% reduction in H. 
contortus,100% reduction in 
Teladorsagia sp., and 45% lower 
numbers of Trichostrongylus) 
Goats 
Moore et al. 
(2008) 
Cassava (Manihot 
esculenta) - exrtract 
57.6% H. contortus larval 
development 
In vitro 
Marie-
Magdeleine et 
al. (2010) 
Neem (Azadirachta 
indica) - extract 
51.3- 99.7 %  H. contortus egg 
hatching development 
68.1 - 87.1%  H. contortus larva 
development 
In vitro 
Costa et al. 
(2008) 
 
  
Other measures of controlling the GIN infection reported in livestock are the use of biological 
techniques and copper oxide wire particles (COWP). A trial using COWP reported the numbers of 
H. contortus in the abomasum were greatly reduced in all COWP-treated groups of lambs with no 
effects of supplement level on concentrations of copper in the liver (Burke et al. 2004).  
Nematophagus species such as Dudingtonia flagrans have been investigated and have shown 
promising results in field trial with sheep and goats (Chandrawathani et al. 2002). Spores fed to the 
animals, passed through the gastrointestinal tract and sporulated in the faeces resulting in the hypal 
loops trapping and killing the developing larvae. Reduced L3 contamination on pasture as a result 
of Dudingtonia flagrans was reported in calves grazed in contaminated pastures (Fernández et al. 
1999). 
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  2.9.2. Rotational grazing  
  
Grazing livestock are exposed to nematode parasitic larvae as pastures provide the link 
between the free-living and parasitic phase of the nematode. The aim of rotational grazing is to 
reduce or eliminate the parasite infection by providing the animals with clean or relatively 
uncontaminated pastures (Walkden-Brown et al. 2008).  
 
A study on goats by Barger et al. (1994) revealed that goats under management of a rotational 
grazing system consisting of 10 paddocks with 3 ha per paddock grazed in sequence for 3.5 days by 
20 does at a time may permit a reduction in the frequency of anthelmintic treatment as they found 
that the rotationally grazed goats generally maintained less faecal egg counts as compared to a set-
stocked flock. Therefore, the rotationally grazed goats require no anthelmintic treatment except 
after kidding if necessary. By extending the grazing rotation period up to 60 - 90 days (Shakya 
2007) or 35 - 80 days (Walkden-Brown et al. 2008), in some cases, may substantially reduce the 
numbers of infective larvae potentially available for ingestion by goats via their grazing activity. 
Unfortunately, the time between rotations to make the best use of nutritious forages, which is about 
28 - 30 days for most forages co-incides with the L3 becoming available for re-infection (Shakya 
2007). Furthermore, a long rest of paddocks may not be practical in terms of the efficiency of 
pasture utilization by the animals (Donald 1967). 
 
Another alternative method is by allowing two different species of grazers that do share the same 
parasites to graze alternatively in the same paddocks, for example sheep and cattle. This method has 
been shown to be effective to some extent where cross-infection between sheep and cattle GIN was 
found to be insignificant; therefore integrated grazing using such animals could be used for pasture 
decontamination (Rocha et al. 2008). Furthermore, the same authors noted that the highly host-
specific GIN infective larvae are destroyed when ingested by a host of different herbivorous species 
which is a great benefit of multi-species grazing strategies.  
 
2.9.3. Vaccination 
 
Due to the widespread anthelmintic drug resistance by H. contortus and lack of viable 
alternative approaches, vaccination is seen to be another useful control method for GINs in 
ruminants (van Wyk et al. 1997; Vervelde et al. 2003). Based on the observation that immunity-
based resistance to infection develops in goats and sheep, vaccination is considered to be a 
promising alternative to control GINs in small ruminants (Walkden-Brown et al. 2008). Therefore, 
several studies on immunological control of haemonchosis have been carried out in sheep and 
goats. 
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Sheep given three 10 - 20 µg injections of purified native antigen intradermally showed a highly 
significant reduction in daily FECs of 64 - 69% and in adult worm burdens of 45 - 55% after 
challenge with 10,000 L3 (Jacobs et al. 1999). Goats immunized intramuscularly with cysteine 
protease enriched fraction of adult H. contortus showed an immunoprotective effect for goats with 
the percentage of egg (89%) and worm (68%) reduction approaching those attained with other 
immunogens used in sheep (Ruiz et al. 2004).  
 
In another study using a different type of vaccine, Yanming et al. (2007) reported that vaccination 
against H. contortus infection in 9 - 10 month old goats with two recombinant proteins, rHco-gal-m 
and rHcogal-f partially protected goats from this nematode. The introduction of this vaccine at 100 
ug and 200 ug subcutaneously resulted in FEC reductions of 37.3% and 48.0% and the worm 
burden was reduced by 41.1% and 46.2%, respectively.  
 
Another gut antigen purified from adult H. contortus nematodes known as H-11, induced a very 
high level of antibody-mediated protective immunity with a reduction of over 90% in FEC and over 
75% in worm burden in sheep (Newton & Meeusen 2003). They also claimed that this highly 
effective native antigen was working through the mechanism of protection against nematodes via 
antibody-induced disruption of nutrient uptake by the nematodes. A more recent study on another 
type of vaccine called HC58 DNA vaccine, a cysteine protease of adult H. contortus worms in goats 
against H. contortus revealed this vaccine conferred some protection against H. contortus infection 
in goats through reduction of FEC, percentages of L3 and worm burdens at 28.0, 47.6 and 28.3%, 
respectively (Muleke et al. 2007). 
 
2.9.4. Manipulation of nutrition 
 
  In the context of nutrition, nematode parasitism impairs productivity through reduction in 
voluntary feed intake (Holmes 1987; Sykes 1994; Coop & Kyriazakis 1999) and/or reduction in the 
efficiency of feed used, particularly involving protein and mineral absorption in the gut (Coop & 
Kyriazakis 2001). The reduction of feed intake, which is influenced by parasite burden (Holmes 
1987), is probably the single most important factor contributing to reduction in animal performance 
(Sykes 1994). A proportional reduction of feed intake up to 20% was reported in sheep daily 
parasitised with 2,500 Trichostrongylus colubriformis larvae (Sykes & Coop 1976). In lactating 
sheep, daily infection with 4,000 Ostertagia circumcincta larvae reduced food intake by 16% 
(Leyva et al. 1982).  
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Reduction in the efficiency of nutrient utilization occurs as a consequence of reduction in feed 
intake, reduced feed digestion and inefficient intake of energy (Sykes 1994). A common feature in 
animal parasitism is increased loss of endogenous protein (Holmes 1993), which leads to negative 
nitrogen balance (Fekete & Kellems 2007). Leakage of protein in animals infected by GIN is 
reported partly due to increased leakage of plasma protein, increased sloughing of epithelial cells 
and increased secretion of mucoprotein (MacRae 1993). 
  
Increased availability of protein in feed eaten is reported to significantly increase the acquisition of 
immunity in young animals and maintaining the immunity status during the periparturient period in 
does (Coop & Kyriazakis 1999). Availability of protein in the diet was also reported to increase the 
resistance status of the animals to reinfection (Coop & Holmes 1996). However, research by Van 
Hourtert and Sykes (1996) and Hoste et al. (2005) reported that field studies have provided good 
evidence that improved nutrition might contribute to the resilience of goats rather than resistance. 
  
Nutrition plays an important role in the maintenance of health and the treatment of disease (Raqib 
& Cravioto 2009). According to Coop and Kyriazakis (2001) nutrition can influence parasitism in 
ruminants either by increasing the ability of the infected animals to cope with the parasites’ adverse 
effects (resilience) or by improving the host ability to contain and overcome parasite burdens 
(resistance). They also mentioned that nutrition may directly affect the parasite population in the 
gastrointestinal tract (GIT) through the intake of antiparasitic compounds that are present in the 
feed materials.  
  
Evidence for the importance of nutrition in periparturient ewes was obtained in studies by 
Donaldson et al. (1998), where they concluded that the changes in resistance to nematode parasites 
experienced by ewes around parturition can be modified by nutrition. Based on their findings, they 
specifically suggested that maintenance of host resistance is more sensitive to protein supply than to 
energy supply. Other researchers also suggest that resistance and resilience of lactating goats may 
partially be improved by protein supplementation in the diet (Chartier et al. 2000). Effects of 
nutrition on blood parameters such as PCV, total serum protein and albumin concentration has been 
reported less marked in animals offered a high level of metabolizable protein compared to animals 
that received low to moderate protein rations (Coop & Holmes 1996). 
  
There are reports on the positive impact of protein supplementation in grazing goats. In two 
separate studies by Torres-Acosta et al. (2006) where soya bean and sorghum were used as 
supplementary feed for grazing Criollo goat kids to increase their protein and energy intake, it was 
found that the Criollo goat kid’s resistance status against natural nematode infection during rainy 
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and drought seasons was improved. In dairy goats, Etter et al. (2000) reported their resistance status 
were improved when they were given a high protein supplemented diet at 130% of their protein 
requirement compared to goats offered a lower protein supplemented diet at 120%. Their results 
showed lower FEC and higher eosinophil counts in the animals receiving the higher protein diet 
suggesting that resistance was enhanced by protein supplementation. From this study they 
concluded that the expression of both resistance and resilience in dairy goats did not appear when 
dietary protein requirements were insufficient. This protein insufficiency could occur in lactating 
does when given a diet with low protein content due to the competition for protein between the 
development of resistance and milk production (Etter et al. 2000). 
  
It has been reported that nutrition plays an important role in the maintenance of health, in which 
unbalanced nutrition compromises the immune response leading to increased susceptibility to 
diseases (Raqib & Cravioto 2009). A study in sheep showed that protein supplementation in the diet 
influenced the magnitude of the IgA response to H. contortus (Strain & Stear 2001). They found 
higher levels of antiparasitic IgA in sheep fed protein supplemented diets compared to un-
supplemented sheep.   
 
2.9.5. Breeding for resistance or resilience to nematodes 
 
Measurement of resistance to nematodes in ruminants can be done either directly from FEC 
or indirectly by quantifying specific antibody concentrations in the blood, whilst resilience can be 
assessed by direct measurement of their production traits (Walkden-Brown et al. 2008). Magnitude 
of resistance of the host to nematodes varies within breeds (Baker et al. 2001; Shakya 2007), age 
and productive state of the animals which develop following continuous exposure to the parasites 
(Coop & Kyriazakis 2001). Characteristics of resistance and resilience in ruminants against 
nematode infection were described earlier in Section 2.6 of this literature review. 
 
There are several breeds of goats known to be relatively resistant to nematodes which include 
Creole goats (Mandonnet et al. 1997), small East African goats (Baker 1997) and West African 
Dwarf goats (Chiejina & Behnke 2011). Similar to sheep, the resistance to strongyles in goats is 
believed to be under a degree of genetic control and is heritable. In a study on Creole goats 
naturally infected by H. contortus and T. colubriformis in the humid tropics, Mandonnet et al. 
(2001) reported that breeding for improved resistance to nematodes is feasible. The genetic control 
of resistance as indicated by FEC and PCV were moderately heritable, increased with age and had 
no maternal genetic influence after weaning. In their experiment, they found that the direct genetic 
variability in FEC increased with age and reached their highest value when kids were 10 months 
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old. The heritability values of FEC were reported to be 0.14 and 0.33 at 4 and 10 months old, 
respectively.  
 
In a study of West African Dwarf (WAD) goats, Chiejina and Behnke (2011) reported that WAD 
goat kids were able to mount a strong immune response, comparable to adult goats, to chicken red 
blood cells from three months old. Their findings were in contrast with the previous reports on 
goats’ immunity development against GIN (Vlassoff et al. 1999; Hoste et al. 2008), where goats did 
not develope full immune responses until they reached 12 months old. Effective inclusion of 
resistance, to gastro-intestinal parasites, in the breeding program of goats should be beneficial in 
order to alleviate concerns over treatment strategies and may also help to improve productivity 
(Vagenas et al. 2002). 
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Chapter 3: Objectives and Hypothesis 
 
Several important aspects are highlighted in the literature reviewed in Chapter 2 concerning 
the development and heritability of immunity in goats, in relation to infection by Haemonchus 
contortus, the most important nematode species influencing the expansion of goat populations 
worldwide especially in tropical and subtropical countries. Firstly, goats are more susceptible to H. 
contortus compared to other small ruminants particularly sheep. This could be due to the natural 
behaviour of goats as browsers that limit their exposure to the free living stage and pathogenic 
larvae (L3), which are rarely found in the pasture sward above 20 cm high.   
 
Secondly, goats have been described to develop a poorer immune response against H. contortus as 
compared to sheep even though they are infected by the same species of nematode.  The differences 
in their feeding behaviour, the pharmacokinetics of anthelmintic drugs and their therapeutic 
recommendations as well as their acquisition and expression of the immune response could be 
responsible for the poorer immune response in goats.     
 
Thirdly, genetic variation for resistance manifests itself at a slightly older age in goats than sheep. 
Previous studies on the heritability of FEC indicates that some degree of resistance to the nematode 
has developed in goats by 12 months of age and the highest estimate is commonly found when they 
are 10 - 18 months old. However, as the immune system matures with age and is influenced by 
breed differences, some studies report that FEC first appear in three month old kids and persist up 
to 14 months of age. Similar scenarios for PCV and its heritability in goats, infected with H. 
contortus, are reported to be affected by breed, within breed differences, and weeks of exposure to 
the infective larvae. 
 
Fourthly, nutrition particularly protein plays an important role in ruminants infected with parasites. 
Nutrition can influence parasites either by increasing the host’s ability to overcome the parasite 
burden or to cope with the adverse effects of the parasites. Previous studies report lower FEC and 
higher eosinophil counts in parasite infected animals receiving a protein supplemented diet.  
 
Therefore, the present study was conducted with the general objectives to (1) determine the 
development of immunity in grazing Boer goats kids naturally infected with H. contortus, (2) 
evaluate the effects of a high protein supplement fed to late pregnant does on their kids immunity, 
(3) quantify the concentration of specific antibodies  present in the milk of postpartum does and  (4) 
establish the profile of serum specific immunoglobulins (IgG, IgA, IgM) and haematological 
parameters in Boer goats naturally infected with H. contortus.   
40 
 
 
The general hypothesis tested in this study was that Boer goats would develop immunity against 
natural infection by H. contortus, and their response would be influenced by level and time of 
exposure to infective larvae (L3).  
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Chapter 4. General Materials and Methods 
4.1.  Location of study  
The research described in thesis consisted of four experiments that were conducted 
concurrently at two different locations in Queensland, Australia: Experiments 1and 4 were 
conducted on a privately owned Boer goat stud namely Yarrabee Boer Goat Stud at Goombungee; 
Experiment 3 was conducted within the Small Ruminant Unit at The University of Queensland 
Gatton Campus, whilst Experiment 2 involved selected kids and their dams at both locations.  
Yarrabee Boer Goat Stud is situated in Goombungee district, 35 km northwest of Toowoomba on 
the Darling Downs, South East Queensland. This stud is elevated 496 m above sea level, at latitude 
27
o
 31’ S and longitude 151 o 85’ E, whilst The University of Queensland Gatton campus is 86 m 
above sea level, at latitude of 27
o
 51’S and longitude 152o 34’E.  
Both properties are located in south-east Queensland and experience a humid sub-tropical climate 
with mild winters and warm summers. The hottest month was November with mean maximum 
temperature at Goombungee and The University of Queensland Gatton campus 30.7
o
C and 31.7
o
C, 
respectively (Bureau of Meteorology 2013). July was the coolest month with a mean minimum 
temperature of 0.3
o
C at Goombungee and 5.7
o
C at The University of Queensland Gatton campus 
recorded during the study period (June 2011-June 2012). Most rain occurs in summer. The monthly 
average rainfall over the study period at both locations was 51.7 and 72.1 mm in Goombungee and 
The University of Queensland Gatton campus, respectively. The monthly average relative humidity 
was 66% in Goombungee and 67% in The University of Queensland Gatton campus. The monthly 
mean maximum and minimum temperatures, and the rainfall in each location are shown in Figures 
4.1.1 and 2 (Bureau of Meteorology 2013). 
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Figure 4.1.1: Mean monthly maximum and minimum temperatures and rainfall near the study 
site in Goombungee district (Bureau of Meteorology 2013). 
 
 
Figure 4.1.2: Mean maximum and minimum temperatures and rainfall at the study site at 
The University of Queensland Gatton campus (Bureau of Meteorology 2013). 
 
4.2. Flock Management 
A total of 346 Boer goats involving kids, dams and sires were used in this study. The 
general management of the flocks at both locations were relatively uniform. The dams and their 
progeny were allowed to feed on improved perennial pasture such as Chloris gayana and Paspalum 
dilatatum in paddocks. During winter and dry summer, when the pasture conditions were dry and 
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dormant, the animals were given feed supplementation such as ad libitum loose licks that provided 
essential salts and minerals and vitamins to the animals. Supplements such as oat grain and millet 
were also offered during these seasons in accordance to the goats’ stage of production and the 
quality of pasture available. Extra supplementation in the form of cereal hay such as oat, barley, or 
lucerne hay or whole cottonseed was also provided to the animals at critical times in the months 
before and during kidding, during lactation and at weaning. The supplementary feeds were offered 
in troughs in the paddock with gradual introduction to the goats.   
The stud practiced natural breeding of the goats in single sire mating paddocks. Each selected sire 
was mated to the (minimum of 18 months old) breeding does in individual paddocks. They were 
allowed to mate for a period of 6 weeks in autumn when goats are naturally at their breeding peak. 
The kidding season occurred in mid-August and early September each year. Very good pedigree 
records were maintained by the owner where the animals were ear tagged and recorded according to 
their dams and sires as soon as the kids were born. Kids were weaned at about 3 months of age. 
After weaning, male and female kids were grazed in separate paddocks. Three to four months later 
the male kids not selected as potential sires, were culled (i.e. sold) and the remainder were allowed 
to grow out naturally before another selection was performed at 6 - 7 months of age.          
The animals were drenched alternatively against gastrointestinal parasites using the anthelmintics 
naphthalophos (Rametin), monepantel (Zolvix®), morantel and multi-combination anthelmintics (Q 
drench) based on their individual faecal egg count results and FAMACHA scores. The animals with 
FEC more than 1,000 epg and FAMACHA
©
 score more than 3 were drenched. To minimise 
anthelmintic drenching to control gastrointestinal parasites in the stud, careful attention to the 
stocking rate, pasture rotation, nutrition available, and selection of parasite resistant breeding stock 
was also practiced in the stud. All the goats residing at the stud were vaccinated twice with 
Glanvac® 3 or Glanvac® 6 vaccines upon introduction and then received six monthly booster 
vaccinations. This vaccine is known to protect goats against diseases such as caseous lymphadenitis 
(CLA) and the five main clostridial diseases: black disease, black leg, malignant oedema, pulpy 
kidney and tetanus (Zeotis 2013).  
4.3. Sample collection  
4.3.1.  Setting up before and during sample collection 
 The vacutainers for collection of whole blood and serum, and ziplock plastic bags for faecal 
samples were labelled according to each animals tag number. A recording sheet was prepared which 
included columns for the tag number of individual animals, their age, sex and body weight.  The 
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selected goats were mustered in the morning into holding yards before every animal was sampled. 
Each animal was restrained by personnel during faecal and blood sampling. After blood and faecal 
sampling was finished, the live weight of each animal was recorded using a KM3 Electronic weight 
indicator (Model Ruddweigh) before it was released back into its paddock.  
 
4.3.2.  Faecal sample collection  
 
At monthly intervals faeces samples were collected from the rectum of each goat, typically 
in the morning.  The faecal material was collected by inserting an index finger into the rectum and 
7-10 pellets collected. The faecal pellets were immediately placed into a zip lock plastic bag that 
was labelled with each goats tag number and the date of sampling. The zip lock bag containing 
faeces was placed into an eski containing ice packs to minimise nematode larvae hatching and for 
transportation to the laboratory. Faecal samples were usually analysed on the same day as collection 
but those there were not processed on the same day were kept in the refrigerator at 4
o
C and 
processed the following day.  
4.3.3.   Blood sample collection 
  
Blood samples were collected monthly via jugular venipuncture using 18G needles and 
collected in 4 ml vacutainers with EDTA as anticoagulant. These blood samples were used for the 
haematology analyses. The same method was used to collect blood for serum samples for 
immunoglobulin IgG, IgA and IgM analyses, except that the blood was collected in 10 ml gel 
separated vacutainers without anticoagulant. All vacutainers were labelled prior to the sampling 
activity with the goat’s ear tag number and the date the sample was taken. 
  
As soon as the blood samples were collected, the vacutainers were inverted 2-3 times to mix the 
blood. The vacutainer was then placed upright in a vacutainer stand and put in a larger container 
with ice packs to keep it cool before being transported to the laboratory. The vacutainers with blood 
samples for serum collection were kept at room temperature away from the direct sunlight for at 
least 1 hour before putting them into a larger container with ice packs for transportation to the 
laboratory. The blood samples were usually processed on the same day that they were collected, 
otherwise they were kept in the refrigerator at 4
o
C and processed the following day. Blood samples 
for serum collection were refrigerated at 4
o
C in the laboratory and serum was harvested on the 
following day. 
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4.3.4. Milk sample collection  
  
Milk samples (5 ml) were collected from each doe within 12 hours upon kidding by manual 
milking, rejecting the first jets of fluid from the teats. The subsequence milk samples were collected 
at one month and 2 months post parturition. Samples were collected in 5 ml sterile and screw 
capped plastic tubes and kept in the refrigerator at -20
o
C until analysed.   
 
4.3.5. FAMACHA
©
 scores 
  
Each goats lower inner eyelid membrane colour was scored, and recorded using a standard 
FAMACHA
©
 card every time the faecal and blood samples were taken from the animal. 
FAMACHA
©
 scoring is based on a scale ranging from 1 to 5 in which the higher the number the 
more anaemic the animal (Figure 4.3.5.1).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4.3.5.1. FAMACHA
©
 scores card showing the colouring scales of inner eyelid membrane in 
animals. 
 
4.4.  Laboratory Techniques 
 
4.4.1.  Faecal egg counts 
      
Faecal egg counts were conducted using the modified McMaster counting technique 
described by Falcone et al. (2001). Two grams of faecal sample was weighed using a two decimal 
place balance (Model OHAUS) and put into a 250 ml plastic cup. The faecal pellets were broken 
into pieces using a spatula before adding 30 ml of tap water.  
 
A saturated solution was prepared using magnesium sulphate (MgSO4) by adding tap water to the 
MgSO4. Thirty millilitre of MgSO4 solution was then added to the faecal sample and water in the 
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plastic cup. The plastic cups containing the faecal samples were screwed shut and then shaken using 
an electric shaker (Model Orbital Shaker SS70) for 20 minutes at ‘5’ revolution speed.  
 
After shaking, about 0.3 ml of aliquot was drawn from the mixture using a pipette and transferred 
into the first McMaster chamber on the slide until the first chamber was filled. The second chamber 
was also filled by drawing another aliquot from the same sample after inverting the mixture in the 
screw capped plastic cup a few times for thorough mixing. The slides were left to stand for 5 
minutes before examination to determine the number of nematode eggs.  
 
The number of nematode eggs were examined using a microscope (Model Olympus Japan) under 
10 x magnification. All the eggs were counted within the engraved area of both chambers. The 
number of eggs per gram faeces for each sample was calculated by combining the number of eggs 
counted from both chambers and multiplying by 100.  
 
4.4.2.  Faecal larval culture 
Faecal larval cultures were conducted monthly to determine larval helminth composition in 
the field. To achieve this surplus faeces collected for FEC’s were pooled and cultured for recovery 
of third stage larvae, L3 using the modified Baermann technique. The surplus faeces in the zip lock 
plastic bags were taken from the fridge and put into a 100 ml white porcelain mortar before gently 
crushing the faeces using a pestle to break the faeces into pieces until at least 90% of the pellets 
were broken.  The slightly harder faecal pellets were crushed by finger to avoid crushing nematode 
eggs. Using a spatula, the sticky faecal samples were scraped from the mortar. The crushed faecal 
samples were mixed thoroughly by hand in a 1 litre plastic beaker with an equal amount of 
vermiculite. The faeces-vermiculite mixture was put little by little into a clean 1 litre wide mouthed 
culture jar until approximately one quarter of the jar was filled. The samples in the culture jar were 
then gently tapped down using the weight of the pestle to slightly compact the mixture.   
 
Distilled water was slowly added into the culture jar by using a squeeze bottle until the mixture was 
moist and adjusted until it was damp but not flooded. The purpose was to get 100% humidity to 
allow the eggs to hatch into larvae. The inside of the jar, not containing the faeces/vermiculite 
mixture, was wiped using tissue paper to clean it of excess faeces and vermiculite. This was done to 
avoid contamination of the larvae during harvesting activity.  
 
A cap was loosely screwed onto the culture jar to allow oxygen to enter. The cultures were then 
kept in an incubator at 26
o
C and checked every second or third day to monitor the moisture level 
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before harvesting at 7 days after the start of incubation. Lukewarm distilled water was added if the 
culture was slightly dry. 
 
4.4.3.  Harvesting, differentiation and enumeration of the nematode larvae  
   
Following incubation for 7 days, the faecal cultures were taken from the incubator. The 
larvae produced in the culture had migrated up the inside of the jar. These larvae were collected by 
filling the culture jar with lukewarm distilled water using a 400 ml plastic beaker. A glass petri dish 
was then placed on the top of the jar before it was carefully inverted. About 15 ml of distilled water 
was added into the petri dish and the culture jar left inverted on the dish for one hour. This was 
done to allow the larvae to migrate out from the jar into the liquid in the petri dish. The liquid 
containing the larvae in the petri dish was then pipetted into a clean labelled tissue culture bottle.  
 
The larvae were recovered using the Baermann technique. One drop of the larvae-water mixture 
was drawn up using a pipette from the tissue culture bottle and put onto a glass slide. One drop of 
iodine compound (Oxoid Gram Stain kit) was added next to the drop of larvae on the slide to kill 
the larva in order to facilitate identification and counting of the larvae. The two drops were then 
mixed using a glass cover slip before putting it on top of the mixture on the slide.    
 
The larva on the microscope slides were examined using a microscope (Model Olympus Japan) 
under 10 x magnification. The counting and identification were continued until 100 larvae had been 
identified. The number of worm larvae of each species was converted into a percentage based on 
the species present in the sample. Haemonchus contortus larvae were grossly distinctly different 
from Trichostrongylus species by looking at the shape of the ending of their tail sheath that is 
‘kinked’ and pointes whereas Trichostrongylus species larvae have a tail sheath ending that is short 
and conical. Identification of each Trichostrongylus species commonly present in small ruminant 
flock i.e. Trichostrongyus axei, T. colubriformis and T. vitrines were not conducted, as the focus of 
this study was H. contortus infection in goats.      
 
4.4.4.  Blood analyses 
 
Blood analyses to determine the leukocyte and erythrocyte values were conducted using a 
Cell-Dyn
®
 3700. Blood samples in the EDTA vacutainers were taken out from the refrigerator and 
left at room temperature for 15 minutes before analyses. Each vacutainer was inverted or rotated 4 
to 5 times to mix the blood thoroughly. A sterile wooden rod was used to determine if there were 
any clots in the blood sample before analyses.  
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Each sample was analysed as follows: the sample number was entered in the Cell-Dyn
®
 3700. The 
vacutainer was then brought to the sample probe and dipped about 1 cm depth into the blood sample 
before sucking the blood sample into the analysis chamber: the vacutainer was removed from the 
probe once the beep sounded. Each blood sample took about 30 seconds before the result was 
displayed on the Cell-Dyn
®
 3700 monitor and then immediately printed out.  
 
4.4.5.  Collection of serum sample 
 
Serum samples were collected from blood samples on the day after blood sampling took 
place. The vacutainers containing whole blood were taken from the refrigerator and allowed to rest 
for 10 minutes at room temperature before processing. Serum was separated from clotted blood by 
centrifugation at 3,330 rpm for 10 minutes. After centrifugation, the clotted blood was left at the 
bottom of the blood tube whilst the serum sample was collected on the top level, and they were 
completely separated by the gel separator in the tube. Therefore, each serum sample was 
immediately poured into a sterile 5 ml plastic tube, screw shut and labelled according to the 
individual goat tag number and date of sampling before storing them in a freezer at -20
o
C until 
analyses.   
 
4.4.6.  Milk fat separation 
Milk fat was separated from the doe milk samples before the ELISA was conducted to 
determine their IgG, IgA and IgM content. The 5 ml milk samples was taken out from the -20
o
C 
refrigerator and left at room temperature for 30 minutes. Once thawed they were then centrifuged at 
5,000 rpm for 10 minutes at 24oC to separate the fat layer from the whole milk. One millilitre of 
liquid was then pipetted out using a 2 ml plastic pipette from just under the fat layer of the sample 
and put into a labelled 1 ml vial. The samples were stored in the freezer at -20oC before being 
analysed using ELISA.  
 4.4.7.  Antigen extraction 
The H. contortus live infective larvae of Kirby Strain’82 used for the antigen preparation 
were obtained from two sources: 3 million larvae were obtained from CSIRO, Chiswick, Armidale 
which were harvested from faecal pellets from H. contortus infected sheep and another 15 million 
larvae from The University of Queensland Gatton Campus, harvested from the faecal pellets of two 
H. contortus infected weaner Boer goats. The larvae were obtained from two different sources 
because CSIRO ceased their commercial H. contortus larvae production during the time the antigen 
was being produced for the study. Therefore, to produce larvae necessary for antigen production 
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needed for the study, two weaner Boer goats were infected with Kirby Strain’82 H. contortus to 
create a source of addition larvae. Both batches were processed separately during the protein 
extraction activity until the protein concentration determination stage. Finally the two proteins were 
combined and the concentration was determined again. 
The larvae were initially kept in tissue culture bottles in about 1 litre of tap water.  In order to get a 
good concentration of protein after the extraction process, the larvae had to be concentrated in a 
small amount of water. Therefore, the larvae were centrifuged at 5,000 rpm for 15 minutes at 4
o
C 
and excess water removed. Finally, the 3 million and 15 million larvae were suspended in 20 and 40 
ml of water, respectively. The purpose of using two different volumes of water to suspend the two 
different amounts of larvae during extraction was to get more concentrated protein once they were 
extracted. The more larvae in a smaller volume of water during extraction, the more concentrated 
the extracted protein in suspension. Suspending a smaller amount of larvae in a big volume of water 
diluted the extracted protein, leading to failure to detect the extracted protein in the suspension. 
The extraction of protein from the larvae was started by repeated freezing and thawing of the 
concentrated larvae. Before the freezing and thawing process begin, protease inhibitor cocktail 
(Sapphire Bioscience) was added to the larvae to protect the protein against contamination by a 
broad range of proteases. They were then kept in the freezer at -80
o
C and left until completely 
frozen before thawing in a water bath at 37
o
C until they were completely thawed. The freezing and 
thawing activities were repeated 10 times.  
After this process, the larvae were transferred into a 5 ml conical flask, covered and pulse sonicated 
at maximum sonication power for 12 hours at 4
o
C to disrupt cell walls. During sonication, ice 
cubelets were added to the sonicator and replaced every 30 minutes to avoid overheating and 
denaturation of the protein extracted from the larvae. Glass beads size 0.25 mm were used and 
added into the flask to speed up the sonication process. After every 4 hours of sonicating, a small 
drop of larvae was pipetted from the flask using a 0.5 ml plastic pipette and analysed under 
microscope at 100 x magnification to check the percentage of larvae that had been disrupted. After 
12 hours sonication the cell walls of the larvae were about 95% disrupted. Upon completion of the 
sonication process, the glass beads were washed with a small amount of tap water and removed 
from the extracted larvae. The water from washing of the glass beads was collected and 
incorporated into the protein solution of the extracted larvae. The extracted larvae solution was 
centrifuged at 5,000 rpm for 15 minutes at 4
o
C and the supernatant was separated from the 
remaining larvae waste materials.  
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The protein concentration was determined using Bradford Reagent obtained from Sigma, and used 
as supplied. A protein standard solution was prepared using Bovine Serum Albumin (BSA), 2 
mg/ml (Sigma). One part of protein sample (100 µl) from the extracted larvae was mixed with 30 
parts (3 ml) of the Bradford reagent. They were vortexed for a few seconds for mixing. The mixture 
was transferred into the spectrophotometer cuveats for protein determination. The protein 
concentration of the standards and the samples were determined using spectrophotometer at 595 nm 
absorbency. The standard curve for protein concentration readings were plotted in a graph and the 
protein concentration of samples were determined based on the standard curve. Prepared antigen 
with a concentration of 478 µg/ml was stored in sterile 1 ml plastic vials with 1 ml aliquots per vial 
and kept at -80
o
C until used. 
 4.4.8. Enzyme Linked Immunosorbent Assay (ELISA) 
The blood serum and milk samples (with no fat) were thawed in a water bath at 37
o
C before 
the ELISA for determination of IgG, IgA and IgM. Due to the large number of samples, the serum 
from twin kids of the same sexes was combined.    
The wells of high binding polystyrene (96 wells) plates (Sapphire Bioscience) were coated with 5 
µg/ml sonicated H. contortus infective stage larvae (L3) in 100µl of 0.05M carbonate bicarbonate 
buffer with azide, adjusted to pH 9.6 (Sigma-Aldrich). The plates were sealed with microtiter plate 
sealer (Sapphire Bioscience) and refrigerated overnight at 4
o
C. 
The plates were washed 3 times with 200 µl PBS-Tween (phosphate-buffer saline 0.1%v/v Tween-
20, Sigma-Aldrich) and patted dry on paper towel. Each well was blocked with 200 µl of blocking 
buffer (Starting Block T20 (TBS) Blocking Buffer, Thermo Fisher Scientific Australia Pty. Ltd.) for 
2 minutes and then emptied.   
Serum samples were diluted at 10 fold dilution until 10
6
 dilution using phosphate buffer saline 
(PBS). The negative control sera were prepared using PBS. One hundred microliters of diluted 
serum from each animal/sample was added in duplicate into each well, sealed and incubated at 
room temperature for 2 hours, then washed 3 times again with PBS-Tween and patted dry on a 
paper towel. 
For total IgG count, each well was added with 100 µl of pre-absorbed rabbit polyclonal secondary 
antibody to goat IgG - Fc horse radish peroxidase conjugate (Sapphire Bioscience Pty. Ltd.) and 
incubated for 30 minutes at room temperature. For IgA and IgM counts, each well was added with 
100 µl of goat IgA rabbit anti-goat polyclonal antibody (Sapphire Bioscience Pty. Ltd.) and goat 
IgM rabbit anti-goat polyclonal antibody (Sapphire Bioscience Pty. Ltd.) conjugated with horse 
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radish peroxidase, respectively and also incubated for 30 minutes at room temperature. The 
secondary antibodies were diluted at 1:20,000 for IgG and 1:10,000 for IgA and IgM before they 
were added to each well.  Plates were washed 3 times with PBS-Tween and patted dry. Fifty 
microliters of TMB substrate (3,3’, 5,5”-tetramethylbenzidine) (Cell Signalling Technology®) was 
added into each well and incubated for 30 minutes without sealing in a dark room at room 
temperature. The reaction was terminated by adding 100 µl/well of 2M sulphuric acid (H2SO4). 
Absorbencies were read using an ELISA plate reader (Multiskan Ascent V1.24 354-01101, Version 
1.3.1) at 450 nm.  
4.5. Statistical analyses 
 The data of BW, FEC, FAMACHA
©
 scores, haematology and immunoglobulin IgG, IgA 
and IgM were stored in Microsoft Excel 2010. The nematode egg and eosinophils counts were 
logged transformed in the form of log10 (FEC + 1) and log10 (eosinophils + 1), respectively to 
normalized their distribution prior to analyses. The results were back transformed by taking anti-
logarithms of the means and used to summarize the results in graphs. Data were analysed using 
IBM SPSS Statistics 20 (IBM SPSS Statistics for Windows, Version 20) and SAS (Version 9.3).  
4.6.  Animal ethics approval 
This study was carried out following an approval of The University of Queensland Animal 
Ethics Committee under approval number SAFS/119/11, which is in agreement with National 
Health and Medical Research Council guidelines. 
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Chapter 5.  
 
Haematological and specific immunoglobulin (IgG, IgA, and IgM) profile in grazing Boer 
goats naturally infected by H. contortus 
 
5.1. Introduction  
 
Goat meat and milk production is widely distributed throughout the world (Solaiman 2007; 
Castel et al. 2010). Goats are popular especially in developing countries as goats make a very 
valuable contribution to the poor in supporting their need for high quality meat, milk and hides 
(Solaiman 2007; Aziz 2010). Goats are expected to be a more important source of livelihood for 
many people in the future because of a growing population of ethnic and faith-based group who 
consume goat meat. Demand for goat meat is also expected to increase among health conscious 
consumers as goats provide leaner and healthier meat compared to other animals (Solaiman 2007). 
Therefore, the goat industry requires more attention especially for diseases such as haemonchosis 
that affects goats worldwide.  
 
It is well known that H. contortus is one of the major pathogens that cause significant losses to goat 
populations in many parts of the world (Bambou et al. 2008; 2011). Resistance of H. contortus to 
almost all types of anthelmintics used for goats has been described worldwide (Aken et al. 1989; 
Maingi et al. 1996; Chartier et al. 1998; Zajac & Gipson 2000; Domke et al. 2012). Therefore 
breeding for resistance is a promising strategy to increase goat populations in order to meet the 
increasing consumer demand for goat products. Selecting ‘resistant’ goats for breeding purposes is 
closely related to their immune responses that have been developed against the pathogen as a result 
of previous exposure. There are studies on the development of immunity and understanding the 
mechanisms of resistance in various breeds of goats against H. contortus. However, the results of 
these studies are rather inconclusive and therefore more studies are necessary in order to have a 
better understanding on the mechanism, and the acquisition and expression of immunity against H. 
contortus in goats. Furthermore, the identification of host parameters that reflect their ability to 
resist the nematode challenge may provide markers for identifying host resistance in goats. 
 
The development of an immune response against GIN in goats has been reported to be poor and 
subdued due to their limited contact with the parasites as a result of their browsing behaviour 
(Hoste et al. 2008; 2010). Therefore, under grazing conditions goats are reported to be more 
severely infected (Hoste et al. 2008). In general, the infection of ruminants by GIN will produce a 
protective immune response that ranges from strong to weak (Gasbarre et al. 1993). However, in 
goats the mechanism of immunity to GIN is not well elucidated due to lack of detailed studies 
(Smith et al. 1986; Saddiqi et al. 2011). 
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A study on immunological responses in sheep by Schallig (2000) showed older lambs and sheep 
acquire immunity to H. contortus after a continuous or seasonal exposure to the parasite. However, 
the mechanism underlying immunity and its responsibility for resistance is still not completely 
understood (Schallig 2000; Miller & Horohov 2006; Andronicos et al. 2010). As described by 
Miller and Horohov (2006), the ‘invaders’ are attacked and eliminated by the immune system 
through a series of reactions and activities that mobilized immune components such as antibodies, 
lymphocytes, mast cells and eosinophils. As immunity matures with age, the younger animals in a 
flock are very sensitive to infection and usually harbour the heaviest infections and suffer the most 
consequences as compared to adult animals (Schallig 2000; Miller & Horohov 2006). 
 
The immune response in small ruminants infected with H. contortus has been published from 
several studies. The production of parasite-specific IgA, IgG1 and IgE in sheep were reported in 
response to H. contortus infections (Kooyman et al. 1997). An increase in serum antibodies of 
lambs and sheep against larval and adult antigens from nematodes were observed following primary 
or secondary infection (Smith & Christie 1978; Gill 1991; Schallig et al. 1995). In both sheep and 
5-month-old male Florida goats, Perez et al. (2003) reported that the IgG response is strong during 
the early stages of primary infections. The most dominant serum antibody responses belong to the 
IgG1 isotype and to a lesser extent to IgG2 as compared to IgM and IgA following primary and 
challenged infections of H. contortus infective larvae in sheep (Schallig et al. 1995). However, the 
role of IgG is less clear while IgA and IgE play role especially at the local site of infection. 
Furthermore, the role of IgM was considered of minor important in sheep infected with H. 
contortus (Schallig et al. 1995). An important role of IgA in an immune response against 
haemonchosis was reported in goats (Zhao et al. 2012) and sheep (Chiejina et al. 2002) when they 
found a pronounced serum IgA response after L3 challenges. A study in goats by Muleke (2007) 
also indicated that IgG and IgA play important roles in protection against H. contortus. 
 
Other studies in goats showed that serum IgG, serum IgA, mucosal IgA, CD4+ T lymphocytes and 
B lymphocytes were significantly increased following challenges with 5,000 infective H. contortus 
L3 (Karanu et al. 1997; Yan et al. 2013). Lymphocyte proliferation was reported from immune and 
even naive lambs in response to soluble H. contortus L3 antigen (HcAg) (Torgerson & Lloyd 
1993). In their study, they reported that naive sheep had the highest HcAg-induced lymphocyte 
responses were more resistant to experimental infection, as revealed by lower worm burdens and 
lower FEC. 
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Another common feature of haemonchosis is increases in eosinophils in the circulatory system and 
tissue of infected ruminants (Miller 1984; Schallig 2000; Balic et al. 2002; Balic et al. 2006). 
Furthermore, eosinophilia has long been known as a characteristic feature of helminth infections in 
mammals (Karanu et al. 1997). An increase of eosinophils and lymphocytes was reported in goats 
challenged by H. contortus L3 (Zhao et al. 2012; Yan et al. 2013). Peripheral eosinophil numbers 
were significantly greater in responder than non-responder goats following challenge with the 
nematodes Teladorsagia circumcincta and Trichostrongylus vitrines (Patterson et al. 1996a). In 
ewes, eosinophils were rapidly elevated by day 1 post L3 challenge (pc), peaking at day 3 pc, 
reduced by day 7 pc before increasing again at day 28 pc in both blood and tissue, suggesting 
separate responses to larval and adult antigens (Robinson et al. 2010). In sheep and goats, 
eosinophils reportedly play an important role in killing the infective larval stages but not adults, for 
most cases (Karanu et al. 1997). Furthermore, eosinophils are also reportedly a potent effector in 
killing parasites in vitro (Klion & Nutman 2004).  
 
Most of the studies on immunity development in small ruminant have been conducted in sheep 
whilst studies on host-parasite interactions in goats remain few and dispersed (Hoste et al. 2010). 
Furthermore, studies on immunity development in different goat breeds (Chiejina et al. 2002; 
Bambou et al. 2008; Perez et al. 2008; Bambou et al. 2009a) are not in agreement at what age goats 
acquire and express immunity against nematodes. Therefore, the hypothesis tested in this study is 
that the development of immunity in Boer goats, against H. contortus is dependent on continuous 
exposure and the quantity of the infective L3 larvae, acquired by the animals at any stage in their 
life.  
 
To my knowledge, there is no published scientific information on the development of immunity in 
improved Boer goats naturally infected with nematode H. contortus consistently sampled for blood 
and faeces from 3 to 20 months of age in Australia. This leads to the question, as to whether the 
acquisition and expression of immunity in Boer goats are dependent on their age or the amount of 
L3 they acquire during grazing. As this study was conducted under grazing conditions, all the tested 
animals were presumably equally exposed to the nematode over the study period. Therefore, the 
first objective of this study was to determine the level of IgG, IgA, IgM and other haematological 
values of whole blood from grazing Boer goat kids prior to them being infected with H. contortus 
based on the first FEC positive results. The second objective was to measure the level of IgG, IgA, 
IgM and leukocytes and erythrocytes values in relation to the FEC of grazing Boer goats from 3 to 
20 months of age continuously exposed to H. contortus in order to determine the actual age goats 
express their resistance or resilience status. The third objective was to determine whether male or 
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female Boer goats are equally susceptible or resistant to H. contortus infection based on the 
comparison of their IgG, IgA, IgM concentrations and their haematological values. 
 
5.2. Materials and methods 
 
Full details of the materials and methods used in this experiment are described in Chapter 4. 
In brief, two groups of full blood (FB) and purebred (PB) Boer goats at Yarrabee Boer Goats Stud 
at Goombungee, Queensland were used in this study. The first group involved a total of 170 Boer 
goats (135 female and 35 male) as they aged between 9 to 20 months that were born in spring 2010. 
The second group involved a total of 79 kids (44 female and 35 male) as they aged between 3 to 9 
months that were born in Spring 2011. 
 
Collection of samples from the first group started in June 2011 when the goats were 9 months of 
age. Monthly sampling was continued until they were 20 months of age in June 2012. The second 
group of goats were sampled monthly starting when they were 3 months of age in December 2011 
and continued until June 2012 when they were 9 months old. Measurement of live weight, 
FAMACHA
© 
scores, and blood and fresh faeces samples were taken from animals at monthly 
intervals. 
 
The blood and fresh faeces samples were transported in an ice box to keep them cool and they were 
stored in a refrigerator at 4
o
C upon until analysed. Analyses of samples in the laboratory were 
conducted on the same day and the ones that could not be processed on that day were refrigerated at 
4
o
C and analysed the next day. Faecal egg counts were determined using the modified McMaster 
technique and larval culture using the modified Baermann technique. Blood samples were analysed 
using a Cell-Dyn® 3700 for haematology parameters and serum samples were analysed for specific 
IgG, IgA and IgM using ELISA. 
 
Data were statistically analysed using SAS (Statistical Analysis System) Version 9.3 and IBM 
SPSS Statistics 20 (IBM SPSS Statistics for Windows, Version 20). Repeated measurement data 
were analysed with the SAS mixed model procedure using an unstructured variance-covariance 
matrix. Least-squares means and standard errors of live weight, FEC, FAMACHA
©
 scores and 
haematology parameters were estimated for each sex-observation time combination. Comparisons 
of data from male and female goats were carried out on each observation time. According to Little 
et al. (1998), repeated measurement analyses using PROC MIXED in SAS can compute efficient 
estimates, and valid standard errors of the estimate for unbalanced data, as in this study. In this 
study, the unbalanced data occurred due to ‘missing’ goats (e.g. the goat died or was sold by the 
farm owner) or missing samples (e.g. no faecal material in the rectum of the animals during 
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sampling). Due to lack of homogeneity of variance, FEC, eosinophil values and the titre of 
immunoglobulin were transformed by taking the log10 to stabilise their variance.  
 
Descriptive data analyses were performed for each parameter to evaluate the mean, standard error 
of the mean, and minimum and maximum of the values in relation to month of sampling, sex and 
age of goats. Student t-tests were used to compare means of the parameters between male and 
female goats. Significance was defined as P≤ 0.05 and the results are reported as means ± SE. 
Spearmann rank correlation coefficients were derived from data analysis using IBM SPSS Statistics 
20 to determine the relationship among measured parameters. Simple linear regression analyses 
were performed using IBM SPSS Statistics 20 to determine relationships between FEC and live 
weight, FAMACHA
©
 scores and haematological parameters. 
 
5.3. Results  
 
 5.3.1.  The proportion of Haemonchus contortus present in the larval culture   
 
The proportion of H. contortus at Yarrabee Goat Stud from June 2011 to June 2012 was 
obtained from the larval culture of pooled faecal samples from monthly sampling activities and is 
given in Table 5.3.1. In 2012, January, February and March had the highest prevalence, 63%, 76% 
and 52%, respectively as these months are warmer and during the rainy season. A marked decline in 
H. contortus proportion was seen from April (29%) to June (9%). The decline in the proportion of 
H. contortus may be related to the cold and dry weather during this time which may cause cessation 
of free-living larval development and survival. These results show that the proportion of 
Haemonchus fluctuated depending on temperature and rainfall as shown in Figure 5.3.1. Overall, 
the average of H. contortus proportion, temperature and rainfall was 33.3%, 18.0
o
C and 51.7 mm, 
respectively, during the study period. 
 
During the time where the proportion of Haemonchus in the total parasitic intestinal infection, 
determined by FEC was low, Trichostrongylus spp. dominated. Trichostrongylus spp. increased in 
the population in the cooler months (winter and spring). The results showed that the proportion of 
Trichostongylus spp. peaked June 2011 (94%) and the lowest was in January 2012 (24%). The 
proportion of Trichostrongylus spp. ranged from 24 to 94% with the average of 66% throughout the 
study period. 
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Table 5.3.1. The proportion (%) of H. contortus and Trichostrongylus spp. in the field, average 
temperature (
o
C) and monthly rainfall (mm) at Yarrabee Boer Goat Stud during the study period 
(Bureau of Meteorology 2013). 
 
Year Month 
H. 
contortus 
(%) 
Trichostrongylus 
spp. (%) 
Mean 
temperature 
(
o
C) 
Monthly 
rainfall 
(mm) 
2011 
June 6 94 11.5 13.0 
August 9 91 12.7 55.4 
October 16 84 17.5 83.6 
November 37 63 23.1 41.2 
December 49 51 21.2 43.2 
2012 
January 63 24 23.6 29.0 
February 76 37 23.7 88.6 
March 52 78 21.4 81.0 
April 29 41 18.3 24.2 
May 20 80 13.5 17.6 
June 9 91 12.1 91.8 
 Overall mean 33.3 66.7 18.0 51.7 
 
 
 
 
Figure 5.3.1.  The proportion (%) of H. contortus in the total parasitic intestinal nematode infection 
of goats at Yarrabee Boer Goat stud compared with monthly maximum and minimum temperatures 
(
o
C) and rainfall (mm) (Bureau of Meteorology 2013). 
 
5.3.2.  Live weight  
 
The changes of live weight for male and female Boer goats, born in 2011, from 3 to 9 
months of age are shown in Table 5.3.2.1 (Appendix A). As expected, male Boer goats were 
heavier than female Boer goats. Monthly least square means of live weight were all significantly 
different (P<0.0001) with an increase of 1.6 kg for males and 1.3 kg for females each month. 
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Overall, the live weights of male goats increased from 17.4 to 22.9 kg whilst female goats increased 
from 15.3 to 20.1 kg from weaning (the start of the experiment) to the end of the experiment.  
 
For Boer goats born in 2010, the least square means of their live weights were significantly 
increased (P<0.0001) by monthly means of 2.8, 2.0 and 1.6 kg for male, fullblood female and 
purebred female, respectively, from 10 to 20 months of age (Table 5.3.2.2 and 5.3.2.3 in Appendix 
A). Live weights of male goats were significantly (P<0.05) heavier than both female (FFB and 
FPB) groups throughout the study period. The overall least square means of fullblood female Boer 
goats live weight were slightly lower than the purebred female Boer goats but it was not 
significantly different. The positive trends of live weight gain in male and female Boer goat’s age 
from 3 to 9 months and from 10 to 20 months of age are shown in Figures 5.3.2.1. (a) and (b), 
respectively.   
 
 
 
 
 
 
 
 
 
 
 
 
 
     
 
Figure 5.3.2.1 (a)     Figure 5.3.2.1 (b) 
 
Figure 5.3.2.1. The least square means live weights of Boer goats aged 3 to 9 months (a) and from 9 
to 20 months of age (b). 
 
5.3.3.  Faecal egg counts (FEC)  
  
The least square means and standard errors for FEC for each sampling, age and sex in Boer 
goats aged 3 to 9 months and 9 to 20 months of age are given in Tables 5.3.3.1 and 5.3.3.2, 
respectively. Wide variations in the least square means of FEC were seen in all groups and ages 
throughout the study period. In Boer goats aged 3 to 9 months, the FEC in males were higher than 
in females with the highest peak (6,318 ± 937 epg) in March and the lowest (1,607 ± 145 epg) in 
January. There were significant differences in FEC between sexes at most sampling times (P<0.05) 
except for December and January, P=0.332 and P=0.357, respectively. The first faecal samples, 
taken immediately before weaning in December, showed that the kids were already infected by 
Haemonchus at 3 months of age. The overall least square means of FEC in male goats were 
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significantly (P<0.0001) higher than female goats. The fluctuating trends for FEC in male and 
female Boer goats aged from 3 to 9 months are shown in Figure 5.3.3.1 (a). 
  
The FEC recorded in older Boer goats 9 to 20 months of age also show a fluctuating trend similar to 
the young goats (Figure 5.3.3.1 (b)). In the older goat groups, male FEC was not significantly 
(P>0.05) differ from both female groups in October 2011 and May 2012. In other months FEC from 
male goats was significantly (P<0.05) higher or lower than at least one of the female groups as 
presented in Table 5.3.3.2 and 5.3.2.3. The highest least square means of FEC recorded were 5,033 
± 1,386 in April 2012, 4,176 ± 243 in June 2011 and 5,866 ± 1,435 in April for male, full blood 
female and pure bred female Boer goats, respectively. Over the study period the range of FEC in 
male goats was from 600 - 5,900 epg, 100 - 8,200 epg in FFB and 500 - 8,500 in FPB. The overall 
FEC recorded during the study period showed that the FEC from male goats was slightly higher but 
not significantly (P>0.05) different from FFB. The pure bred female Boer goats however showed a 
significantly (P<0.05) higher FEC as compared to FFB and male Boer goats. The fluctuating trend 
of FEC in male and female Boer goats aged from 9 to 20 months is shown in Figure 5.3.3.1 (b). 
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Table 5.3.3.1. Monthly least square means of faecal egg counts (FEC) ± standard errors in male and female Boer goats kids aged 3 to 9 months 
from December 2011 to June 2012.  
Month 
Age 
(months) 
n Male Range n Female Range P  
December 3 32 2,606 ± 418
a
 200 - 10,700 44 2,558 ± 349
a
 100 - 13,400 0.3316 
January 4 33 1,607 ±
 
145
b
 100 - 4,200 40 1,171 ± 116
b
 100 - 3,300 0.3569 
February 5 32 4,035 ±
 
494
c
 1,300 - 3,000 43 2,059 ± 227
a
 100 - 6,900 0.0268 
March 6 22 6,318 ± 937
d
 100 - 16,200 39 3,615 ± 380
c
 0 - 9,200 <0.0001 
April 7 18 3,683 ±
 
734
ac
 800 - 10,300 43 1,069 ± 217
b
 0 - 8,600 0.0366 
May 8 17 5,517 ±
 
825
cd
 700 - 14,100 41 2,860 ± 261
ac
 200 - 8,100 <0.0001 
June 9 13 4,400 ±
 
994
acd
 500 - 13,500 41 1,517 ± 141
b
 200 - 4,200 0.0003 
Overall mean  167 3,605 ± 258 100 - 13,500 291 2,111 ± 109 0 - 9,200 <0.0001 
n Number of animals 
a,b,c, d  
Means within a column with different superscripts are significantly different (P<0.05) 
  
Table 5.3.3.2. Least square means of faecal egg counts (FEC) ± standard errors in male, full blood female (FFB) and pure bred female (FPB) 
Boer goats aged 9 to 20 months. 
Month 
Age 
(months) 
n Male Range n Female (FFB) Range n Female (FPB) Range 
June 9 34 1,977 ± 243
aA
 100 - 6,000 107 4,176 ± 243
bA
 0 - 13,000 25 4,088 ± 465
bAD
 300 - 9,800 
October 13 33 2,828 ± 291
aB
 300 - 8,300 96 2,657 ± 189
aB
 100 - 8,500 12 3,558 ± 707
aABD
 100 - 7,500 
November 14 23 3,873 ± 426
aC
 300 - 10,100 86 1,311 ± 119
bC
 00 - 5,000 14 1,921 ± 406
bBD
 100 - 5,000 
December 15 23 1,250 ± 201
aD
 300 - 4,300 82 3,054 ± 210
bBE
 200 - 8,700 15 5,293 ± 979
bAD
 100 - 12,800 
January 16 13 2,300 ± 318
aAB
 500 - 4,700 83 448 ± 43
bD
 0 - 2,400 14 757 ± 158
bC
 100 - 2,400 
February 17 9 1,510 ± 167
aAD
 1,000 - 2,500 75 2,674 ± 299
aEF
 300 - 11,000 12 4,116 ± 1,014
bA
 700 - 11,900 
April 19 2 5,033 ±1,386
aC
 2,300 - 6,800 68 2,066 ± 277
bF
 0 - 10,300 9 5,866 ± 1,435
aAD
 100 -12,900 
May 20 2 3,566 ± 1,530
aABCD
 600 - 5,900 70 2,114 ± 229
aF
 100 - 8,200 9 3,466 ± 802
aD
 500 - 8,500 
Overall mean  139 2,544 ± 154
a
 100 - 10,100 667 2,386 ± 87
a
 0 - 13,000 110 3,592 ± 291
b
 100 - 12,900 
n Number of animals 
a,b,c 
Means within a row with different superscripts are significantly different (P<0.05) 
A,B,C,D,F  
Means within a column with different are significantly different (P<0.05) 
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Figure 5.3.3.1 (a)                     Figure 5.3.3.1(b) 
  
Figure 5.3.3.1. Means of faecal egg count (FEC) in Boer goats aged 3 to 9 months (a) and 9 to 20 
months (b). 
 
 
5.3.4.  FAMACHA
©
 scores  
 
 
The data on FAMACHA
©
 scores are presented in Tables 5.3.4.1 and 5.3.4.3 (Appendix A) for 
Boer goats aged 3 to 9 months and 9 to 20 months, respectively. In the younger group of Boer goats, 
FAMACHA
©
 scores for males were significantly (P<0.05) higher in all months except January and 
February. From the overall least square means of FAMACHA
©
 scores, female goats had significantly 
(P<0.05) lower scores than male goats (Figure 5.3.4.1 (a)), and this is in agreement with a significantly 
(P<0.05) lower FEC in female goats as compared to male goats. The trends of FAMACHA
©
 scores 
versus PCV over time in male and female (combined) Boer goats aged 3 to 9 months during the study 
period is shown in Figure 5.3.4.4 (Appendix A). Frequency analysis of FAMACHA
©
 scores shows 
most of the goats were in category 2 and 3 throughout the study period (Table 5.3.4.5 in Appendix A). 
Very seldom the animals tested were in category 4, and there were no goats observed in category 1 or 5 
of FAMACHA
©
 scores at any examination.   
 
In the older group of Boer goats (aged 9 to 20 months), the least square means of FAMACHA
©
 scores 
were not significantly (P>0.05) different between male and female goats throughout the study period 
except in January, where male goat FAMACHA
©
 scores were significantly (P<0.05) lower (2.1 ± 0.17) 
than the two female groups (FFB scores 2.6 ± 0.07 and FPB scores 2.8 ± 0.16) Figure 5.3.4.1(b). The 
overall least square means FAMACHA
©
 score over the study period showed no significant (P>0.05) 
difference between male and female Boer goats (Table 5.3.2.2 in Appendix A). Over the course of the 
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study, FAMACHA
©
 scores frequency tests showed most goats scored 2 and 3. There were a few goats 
in category 4 and very few goats in category 1 and 5 (less than 4%) at any examination (Table 5.3.4.4 
in Appendix A). The trend for FAMACHA
©
 scores versus PCV overtime in male and female 
(combined) Boer goats aged 9 to 20 months during the study period is shown in Figure 5.3.4.3 
(Appendix A).        
 
 
Figure 5.3.4.1 (a)             Figure 5.3.4.1 (b) 
 
Figure 5.3.4.1.  Least square means of FAMACHA
©
 scores and standard errors in male, and female full 
blood (FFB) and pure bred (FPB) Boer goats aged 3 to 9 month (a) and 9 to 20 months (b). 
 
5.3.5.  Leukocytes  
 
 The least square means of total white blood cell (WBC) counts and the five main white cell 
types for Boer goats aged 3 to 9 months and 9 to 20 months, are given in Tables 5.3.5.1 and 2 and 
5.3.5.3 (i & ii) and 4 (i & ii), respectively (Appendix A). 
  
In general, female Boer goats aged 3 to 9 months showed higher least square means of WBC than male 
goats, however, the difference was significant (P<0.05) only in April and June. The overall WBC in 
males and females was not significantly (P=0.218) different. This is in contrast with the least square 
means of neutrophil counts where male goats exhibited higher counts of neutrophil in their blood 
samples compared to female goats.  However, in April and May there were significant differences in 
neutrophil counts (P<0.05) between male and female goats. Despite a lack of statistical (P<0.05) 
difference in most of the months during the study period, the overall neutrophil counts were highly 
significantly (P=0.001) different between the two sexes. For the lymphocyte counts, the female goats 
showed significantly (P<0.05) higher values than the male goats in all months except February. The 
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lymphocyte counts for male and female goats showed a similar pattern: being significantly (P<0.05) 
higher at the beginning of the sampling (December 2011) and then reduced to almost steady values 
towards the end of the study (June 2012). However, the overall lymphocyte counts were significantly 
(P<0.0001) higher for female than male goats. Monocyte counts in both male and females goats 
showed no significant (P>0.05) difference throughout the study period. The monthly comparisons of 
eosinophil counts in blood were not significantly (P>0.05) different between male and female goats 
except in February and April, where females had significantly (P<0.05) higher eosinophil counts, at 
almost double values, than male goats. Therefore, for the overall study period, females had a highly 
significant (P= 0.001) difference in eosinophil counts than male goats. Basophil counts were only 
significantly (P<0.0001) different in May, higher in male goats compared to female goats.  
  
Table 5.3.5.2 and Figures 5.3.5.1(a) and (b) and Figures 5.3.5.2 (a) and (b) demonstrate the monthly 
comparisons and individual trends of every leukocyte parameter in male and female Boer goats aged 3 
to 9 months. There were significant (P<0.05) descending trends for least square means of the WBC and 
lymphocytes count in blood of both male and female Boer goats naturally infected with H. contortus 
from weaning to 9 month of age. However the WBC and lymphocyte counts were increased at the end 
of experiment (June) but the values were not significantly (P>0.05) higher than the WBC and 
lymphocytes counts of first blood samples (December). This trend is opposite to the eosinophil counts, 
where least square means were significantly (P<0.05) higher at the end compared to the beginning of 
the experiment. Both male and female goats demonstrated significantly (P<0.05) higher eosinophil 
counts from February that remained high (except in April for male goats) until the end of the 
experiment (June). Least square means of basophil counts fluctuated throughout the study. However, 
the blood basophil counts were significantly (P<0.05) lower in both male and female goats at the end 
of the experiment compared to the first basophil counts from the first blood samples. Neutrophil and 
monocyte counts in male and female Boer goats aged 3 to 9 months had a different trend from total 
WBC, lymphocyte, eosinophil and basophil counts. The neutrophil least square means were all not 
significantly (P>0.05) different from the first to the last blood samples except in May, where both 
sexes had a significantly (P<0.05) higher neutrophil counts than other months. Despite the 
inconsistencies of the least square means over the study period, monocyte counts were not significantly 
(P>0.05) different between the first and the last blood samples in male or female goats. The monocyte 
values in male goats were significantly (P<0.05) higher in February, March and April compared to 
December and January, then significantly (P<0.05) reduced in May and June but not significantly 
(P>0.05) different from the first monocytes counts. In female goats, least square means of monocyte 
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counts were significantly (P<0.05) increased in February and March, and then significantly (P<0.05) 
decreased in May, and followed by being slightly increased in June but not significantly (P>0.05) 
different from December, January and the last monocytes counts (June).   
  
In the older group of Boer goats (aged 9 to 20 months), the least square means of WBC from blood 
samples of FFB were significantly (P<0.05) higher than the FPB but not significantly (P>0.05) 
different from the male goats. The FPB goats exhibited the lowest WBC but were not significantly 
(P>0.05) different from the male goats.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.5.1 (a)     Figure 5.3.5.1 (b) 
 
Figure 5.3.5.1.  Means of white blood cell (WBC), neutrophils (Neu) and lymphocytes (Lymp) in the 
blood of male (a) and female (b) Boer goats aged 3 to 9 months.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.5.2. (a)     Figure 5.3.5.2. (b)  
 
Figure 5.3.5.2.  Means of monocytes (Mono), eosinophils (Eosin) and basophils (Baso) in the blood of 
male (a) and female (b) Boer goats aged 3 to 9 months.  
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The monthly trend of least square means of WBC in all groups of goats slightly fluctuated over time. 
FFB goats had a significantly (P<0.05) higher value for WBC at the end of the experiment (May 2012) 
compared to their first blood samples (June 2011). The neutrophil counts in male goats were 
consistently higher (except in October) and significantly (P<0.05) different from both female groups 
throughout the study period. No significant (P>0.05) differences were observed in the neutrophil count 
between the female groups despite FPB having the lowest neutrophil counts in almost all months of the 
experiment. Over the study period, the monthly neutrophils counts were inconsistent in all groups but 
their values had increased significantly (P<0.05) by the end compared to the beginning of the study. 
Male goats had consistently and significantly (P<0.05) lower (except in October) lymphocyte counts 
than the female goats. In October, all goats exhibited significantly (P<0.05) lower lymphocyte counts 
compared to the first count in the first blood samples.  
 
Throughout the study period, the lymphocyte counts in FFB goats were the highest but not significantly 
(P>0.05) different from the FPB goats. The male goats were had the lowest lymphocytes and were 
significantly (P<0.05) different from both female groups. Monocyte counts were all depressed in both 
sexes by the end of the study and there were no significant (P>0.05) differences between sexes over the 
study period. In all groups of goats, monocyte counts were fluctuated over time and were significantly 
(P<0.05) depressed by the end of the experiment. Overall, the highest monocyte counts were detected 
in FFB and the lowest in male goats. The difference between FFB and male goat monocyte counts were 
significantly (P<0.05) different but not from FPB goats. The least square means of eosinophil counts 
increased significantly (P<0.05) in both sexes of goats throughout the experiment. The eosinophil 
counts started to increase in November when the animals were 14 months old, and remained 
significantly (P<0.05) higher until the end of the experiment. The FFB goats exhibited significantly 
(P<0.05) higher eosinophil counts compared to male and FPB goats. Even though male goats 
demonstrated the lowest eosinophil counts, the values were not significantly (P>0.05) different from 
the FPB goats. Female goats had significantly (P<0.05) higher basophil counts than males. Basophils 
counts decreased significantly (P<0.05) in all groups starting from April and remained low until May 
(the end of the experiment).          
  
Eosinophil and lymphocyte counts trends throughout the study period are shown in Figure 5.3.5.3 (a) 
and (b) and Figure 5.3.5.4 (a) and (b), respectively. From these figures, it is clear that male goats 
exhibited lower eosinophil and lymphocyte counts compared to female goats and analysis of this data 
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showed that it was significantly (P<0.05) lower in male goats. The eosinophil values started to increase 
when goats were 13 months of age, and values increased and remained almost stable at 14 months of 
age right through to the end of the experiment. This trend for eosinophil values is quite clear in male 
and older FFB goats. 
 
   
 
 
 
 
 
 
 
 
 
 
 
 Figure 5.3.5.3 (a)   Figure 5.3.5.3 (b) 
 
Figure 5.3.5.3.  Means of eosinophil counts in the blood of Boer goats aged 3 to 9 months (a) and 9 to 
20 months (b). 
 
 
 
 
 
 
 
 
 
    Figure 5.3.5.2 (a)             Figure 5.3.5.2 (b) 
 
 
 
 
 
 
Figure 5.3.5.4 (a)       Figure 5.3.5.4 (b)   
 
Figure 5.3.5.4.  Means of lymphocyte counts in the blood of Boer goats aged 3 to 9 months (a) and 9 to 
20 months (b). 
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5.3.6. Erythrocytes  
 
The least square means of RBC including seven red blood cell components are presented in 
Tables 5.3.6.1 and 2, and Tables 5.3.6.3 (i & ii) and 4 (i & ii) for Boer goats aged 3 to 9 months and 
from 9 to 20 months, respectively. 
 
In the younger group of goats (aged 3 to 9 months), a rise in RBC counts were detected in female goats 
and was significantly (P<0.0001) higher in all months (except in the first month of the study) than in 
the male goats. Monthly measurements of RBC in male goats decreased over time and were 
significantly (P<0.05) lower during the period March to June compared to the beginning of sampling. 
Overall RBC counts were significantly (P<0.0001) higher in female goats compared to male goats. 
Female goats had a significantly (P<0.05) higher least square mean for haemoglobin values than male 
goats in all months except in December when the study started. The trends of haemoglobin values in 
male goats over time was similar to the RBC counts where the values were significantly (P<0.05) 
lower from the second blood samples right to the end of the study. Therefore, overall haemoglobin 
values were significantly (P<0.0001) higher in female compared to male goats.  
 
PCV values of female goats were significantly (P<0.05) higher in all months (except April) compared 
to male goats. PCV least square means of male goats were recorded slightly below the normal range for 
goats (22 - 38%) in February, March, May and June, while the monthly observed PCV values in female 
goats were within the normal range throughout the study period. Therefore, the overall PCV values in 
female goats were significantly (P<0.0001) higher than the male goats. However, the PCV values in 
female and male goats were significantly (P<0.05) depressed in February and January, respectively, 
right through to the end of the study.  
 
Least square means of MCV values were significantly (P<0.05) different in December, January and 
June between male and female Boer goats when they were 3, 4 and 9 months of age. In those months 
female goats exhibited significantly (P<0.05) higher MCV values than male goats. However, overall 
least square means of MCV values in male and female goats were not significantly (P=0.884) different. 
Over the study period, male goat MCV values were not significantly (P>0.05) different in all months 
despite reductions in most months. In female goats, the MCV values significantly (P<0.05) decreased 
from January through to the end of the study.  
 
A reduction was observed in the least square means of MCH values in both male and female goats 
throughout the study period. However, the MCH values from the last blood samples from female goats 
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were significantly (P<0.05) higher than the previous values. In male goats, the MCH values remained 
lower but were not significantly (P<0.05) different throughout the study period. The overall MCH 
values in male and female goats were highly significant (P<0.0001) different. 
 
The least square means values of MCHC in both male and female goats fluctuated over the study 
period. However, the overall MCHC values in female goats were significantly (P<0.0001) higher than 
MCHC values in male goats. The male goats demonstrated a decreasing trend in MCV values over 
time and this remained low until the experiment ended. This trend was opposite to that observed in 
female goats where they had significantly (P<0.05) lower MCV values at the beginning of the 
experiment but increased significantly (P<0.05) by the end of the study. However, overall MCV values 
in male goats were not significantly different (P=0.884) from female goats.  
 
Red blood cell distribution width (RDW) trends were similar to MCV where both sexes exhibited a 
reduction throughout the study period. However, the female goats least square means for RDW values 
were significantly (P=0.008) higher than the male goats. The RDW values in male goats significantly 
(P<0.05) reduced throughout the study except in April. There were no significant (P>0.05) differences 
in female goats between the last and first RDW values despite some significant (P<0.05) differences in 
some months during the study period.  
 
Overall leukocyte analyses from the younger group of goats used in this study showed that female 
goats demonstrated a significantly (P<0.05) higher value for RBC, haemoglobin, PCV, MCH, MCHC 
and RDW throughout the study period compared to the young male goats. Male goats were higher than 
female goats in MCV values but this was not significantly (P=0.884) different.    
 
In the older group of Boer goats (aged 9 to 20 months), blood samples from the three groups of goats 
(male, female full blood (FFB) and female pure bred (FPB) were also tested separately for erythrocytes 
parameters.  The overall least square means of RBC values in both female groups were lower but not 
significantly (P>0.05) different from RBC values in male goats. The female goats showed a trend of 
decreasing RBC values opposite to the male goats but there was no significant (P>0.05) differences 
observed among groups. The least square means of haemoglobin values in both sexes were depressed 
at the end of the study compared to the first haemoglobin values from the first blood samples. The least 
square means of haemoglobin values were significantly (P<0.05) reduced in April for male and FPB 
goats, but not significantly (P>0.05) different in FFB goats. Overall, the least square means of 
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haemoglobin values were highest in male and was significantly (P<0.05) different from the two female 
groups. 
 
The least square means values for PCV did not change much during the experiment, except once in 
male goats where the PCV values were significantly (P<0.05) depressed below the normal range. Over 
the study, no significant (P>0.05) differences were observed in PCV values in male and FPB goats. 
However, the FFB goats demonstrated significantly (P<0.05) higher PCV values at the end of the 
experiment compared to the beginning. Least square means of MCV in all groups of goats decreased 
during the study. For the least square means of MCV values, all groups had significantly (P<0.05) 
higher values in the last blood samples compared to the first ones. Throughout the experiment, no 
significant (P>0.05) differences in MCV values were detected among the three groups.  
 
The least square means of MCH were significantly (P<0.05) lower in both sexes at the end of the study 
compared to the beginning. However, the MCH values in male goats were significantly (P<0.05) 
higher than the two female groups. No significant (P>0.05) differences were observed in MCH values 
between FFB and FPB goats. Male goats exhibited a significantly (P<0.05) higher least square means 
for MCHC compared to female goats. MCHC values were not significantly (P>0.05) different in both 
female groups but the values in each female group were significantly (P<0.05) reduced at the end of 
the experiment. Both sexes of goats experienced fluctuating trends in their MCHC values over time.  
 
The least square means of RDW in the older group of goats in both sexes increased throughout the 
study period. The highest RDW values in male and female goats were recorded in months of November 
and January, respectively. However, the RDW values were not significantly (P>0.05) higher in the last 
blood samples than the first blood samples of male and FPB goats. The increased values of RDW in the 
last blood samples were only significantly (P<0.05) higher in FFB. The overall RDW values were 
observed significantly (P<0.05) higher in male goats compared to female goats.       
 
The PCV is the most important parameter in goats infected with the blood sucking nematode H. 
contortus. Therefore, Figures 5.3.6.1 (a) and (b) were drawn to further illustrate the trend of PCV 
values in both younger and older groups of goats used in this study. In the erythrocyte parameters, 
overall data in older goats during the study showed that male goats had significantly (P<0.05) higher 
haemoglobin, MCH and MCHC values than female goats. Male goats also had higher RBC and RDW 
values than female goats even though the values were not significantly (P>0.05) different. However, 
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the PCV values remained lower in male goats compared to female goats in both young and older 
groups throughout the study periods.      
 
 
 
 
 
 
 
 
 
 
    
 
 
 
Figure 5.3.6.1 (a)   Figure 5.3.6.1 (b) 
 
Figure 5.3.6.1.  Least square means of PCV in the blood of Boer goats aged 3 to 9 months (a) and 9 to 
20 months (b) 
 
5.3.7.  Serum antibody responses 
 
The least square means of circulating specific IgG, IgA and IgM ELISA titres recorded in male 
and female Boer goats are shown in Figures 5.3.7.1, 5.3.7.2 and 5.3.7.3 for goats aged 3 to 9 months 
and from 9 to 20 months, respectively. 
 
5.3.7.1.   Immunoglobulin G (IgG) 
 
 Concentrations of circulating IgG in males and females of the younger group of goats were not 
significantly (P>0.05) different throughout the study period except in December, when blood samples 
were taken immediately before the kids were weaned. In December, male goat IgG titres were 
significantly (P=0.0064) higher than the IgG titres in female goats. However, the IgG titres in both 
sexes were significantly (P<0.05) reduced from January, followed by a slight increase in February 
before they decreased in March. The IgG titres increased significantly (P<0.05) in April and May in 
male and female groups before they decreased again in the final month of the experiment. The final 
IgG titres were significantly (P<0.05) lower in the final serum sample compared to the first serum 
samples for both sexes. However, the female goats exhibited slightly higher IgG titres in all months but 
the titres were not significantly (P>0.05) different for male goats.  
 
 
0
5
10
15
20
25
30
3 4 5 6 7 8 9
% 
Age (month) 
Male
Female
 
0
5
10
15
20
25
30
9 13 14 15 16 17 19 20
% 
Age (month) 
Male
Female full blood
Female pure bred
71 
 
In the older group of goats, the least square means of circulating IgG titres in the serum were 
significantly (P<0.05) decreased in male, significantly (P<0.05) higher in FFB, and not significantly 
(P>0.05) different in FPB goats. The IgG concentrations in FPB goats were also higher than the male 
goats but not significantly (P>0.05) different from FPB goats. The FFB goats demonstrated a trend of 
increased IgG concentrations beginning from November, when the goats were 14 month old. 
Moreover, the IgG concentrations in FFB goats remained significantly (P<0.05) high through to the 
end of the study period. Both female goats in the older groups had significantly higher IgG titres than 
the older male goats (Figure 5.3.7.1).    
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 5.3.7.1 (a)   Figure 5.3.7.1 (b)    
 
Figure 5.3.7.1.  Means of IgG titres in Boer goats aged 3 to 9 months (a) and 9 to 20 months (b). 
 
5.3.7.2. Immunoglobulin A (IgA) 
 
 The least square means of IgA titres in the younger group of goats showed no significant 
(P=0.188) difference between male and female goats. Significantly (P<0.05) higher IgA titres were 
recorded in all animals from the first serum samples, which were taken immediately before the animals 
were weaned. However, the female goats had significantly (P<0.05) higher IgA titres in their first 
serum samples compared to the males goats. At the second serum samples, which were taken a month 
after weaning, the IgA titres were low and remained low until the end of the experiment in both sexes. 
Overall, the IgA titres in the serum samples of females were slightly higher than male goats but this 
was not significantly different (P>0.05).    
  
In the older group of goats, the male goats exhibited significantly (P<0.05) lower IgA titres than both 
groups of female goats. Fullblood female goats had the highest IgA titres in all months (except June) 
and were significantly different (P<0.05) from the other female group and the male goats. In male and 
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FFB goats, IgA titres fluctuated over time but had slightly higher titres at the end of the experiment 
than the beginning of the study, but it was not significantly different (P>0.05) (Figure 5.3.7.2).      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.7.2 (a)    Figure 5.3.7.2 (b) 
 
Figure 5.3.7.2.  Means of IgA titres in Boer goats aged 3 to 9 months (a) and 9 to 20 months (b). 
 
5.3.7.3. Immunoglobulin M (IgM) 
 
 The overall least square means of IgM titres in serum samples of male and female goats were 
not significantly (P=0.724) different. However, the male goats exhibited slightly higher IgM titres 
compared to female goats. Throughout the study period, the IgM titres in blood from both sexes of 
goats started to increase in February and the titres remained significantly (P<0.05) higher until the end 
of the study compared to the first serum samples. In March and April, the IgM titres in female goats 
were significantly (P<0.05) higher than the male goats. However, the male goats had significantly 
(P=0.0417) higher IgM titres in May compared to female goats. 
  
In goats aged from 9 to 20 months, overall least square means of IgM titres for the male and the two 
female groups were significantly different (P<0.05) from each other. The FFB goats exhibited 
significantly (P<0.05) higher IgM titres than the male and the other female group. The second female 
group of goats (FPB) also had significantly (P<0.05) higher IgM titres in their serum samples 
compared to male goats. Therefore, in this experiment, male goats were shown produced significantly 
lower (P<0.05) IgM specific antibody to H. contortus infection compared to female goats. IgM titres 
were significantly (P<0.05) increased in serum samples of all goat groups by the end of the experiment.      
 
 
1
10
100
1,000
3 4 5 6 7 8 9
L
o
g
1
0
 E
L
IS
A
 t
ir
es
 
Age (month) 
Male
Female
 
1
10
100
1,000
9 13 14 15 16 17 19 20
L
o
g
1
0
 E
L
IS
A
 t
it
re
s 
Age (month) 
Male
Female full blood
Female pure bred
73 
 
The trends of IgG, IgA and IgM titres recorded in male and female goats during the study period are 
illustrated in Figures 5.3.8.1 (a) and (b), 5.3.8.2 (a) and (b) and 5.3.8.3 (a) and (b), respectively for 
young and older groups of goats. From these Figures, it is clear that generally the male goats exhibit 
lower specific antibody (IgG, IgA and IgM) titres against H. contortus infection compared to female 
goats. In the female groups, the figures also show that FFB were more superior in terms of specific 
antibody responses compared to FPB goats (Figure 5.3.7.3).   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.3.7.3 (a)              Figure 5.3.7.3 (b) 
 
Figure 5.3.7.3.  Means of IgM titres in Boer goats aged 3 to 9 months (a) and 9 to 20 months (b). 
 
5.3.8.  Correlations and regressions between parasite-associated parameters in goats  
 
 The correlations between parasite-associated parameters measured during the study are 
presented in Tables 5.3.8.1 and 5.3.8.2 for goats aged 3 to 9 months and aged 9 to 20 months, 
respectively in the Appendices. The results of simple linear regression analysis that examined the 
relationship between FEC and parasite-associated parameters are shown in Table 5.3.8.3 for goats aged 
3 to 9 months and Table 5.3.8.4 for goats aged 9 to 20 months. The data for correlations and 
regressions of 19 parameters measured in male and female goats were analysed separately for each 
male and female in each group. The levels of correlation between parameters were categorised as high 
(r ≥ 0.68), moderate (r ≥ 0.36) and low (r ≤ 0.35) (Taylor 1990). No correlations between parameters 
were considered when the correlation coefficient value, r ≤ 0.10 and therefore will not be discussed in 
these results, but their correlation coefficient values are displayed in the relevant table. The results of 
the correlation and regression analyses in this study showed some inconsistencies between parameters, 
in which sometimes there were positive correlations in young goats but negative or no correlation in 
older goats and vice versa. Furthermore, inconsistencies between correlations sometimes occurred 
between sexes within the same ages and/or different ages of goats. Therefore, discussions on the 
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correlations between parameters in this study will only focus on significantly correlated parameters 
seen in the sexes of all goat groups used in this study. However, in some instances the goats age will be 
considered as correlations in young goats might exhibit opposite effects with some parameters, 
compared to the older goats, due to their differences in the resistance/resilience levels against H. 
contortus infections.  
  
Live weights of goats harbouring H. contortus infections were significantly (P<0.01) and positively 
correlated with eosinophils values. However, the correlation was weak to moderate. The highest 
correlation coefficient was 0.45 and exhibited by older male goats. Live weights were positively weak 
to moderately correlated with IgM titres but this was only observed in young females, one of the older 
female group (FPB) and older male goats. Live weight were mostly negatively correlated with 
FAMACHA
©
 scores, MCHC and basophils values and these were significant (P<0.01).  
 
FAMACHA
© 
scores were positively and significantly (P<0.01) but weakly correlated with eosinophil 
counts. Conversely, FAMACHA
© 
scores were significantly (P<0.05) and negatively, from weakly to 
moderately correlated with haemoglobin, MCH, MCHC, RBC and lymphocyte counts. However, there 
was no clear overall correlation between FAMACHA
© 
scores and PCV in this study. Although 
FAMACHA
© 
scores and PCV correlations were significant (P<0.05) and negative in young male and 
FPB goats, other goats showed either positive or no correlation. 
 
Faecal egg counts were significantly (P<0.01), negatively and moderately to highly correlated with 
PCV. This indicates that a higher FEC leads to lower PCV values, which may explain the magnitude of 
severity in infected animals. This is further supported by significant (P<0.01) and negative correlations 
of FEC with haemoglobin, MCH, MCHC, RBC and RDW values. FEC also negatively (P<0.05) 
affected the WBC and neutrophil values in infected animals. However, the regression analyses showed 
FEC had a weak although significant relationship with those parameters.  
 
The PCV values were significantly (P<0.01), positively and moderately to highly correlated with 
haemoglobin, RBC, MCV, MCH and RDW values, but significantly (P<0.05) and negatively 
correlated with MCHC values. PCV values were also significantly (P<0.05) and positively correlated 
with lymphocytes and WBC values, but the correlations were weak. Haemoglobin was positively 
(P<0.01) and highly correlated with MCH, MCHC and RBC values in all tested goats. Furthermore, 
haemoglobin values were also positively but weakly correlated with lymphocytes and RDW values and 
the correlations were significant (P<0.05). MCV values were significantly (P<0.01), positively and 
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moderately correlated with RDW values. MCV values were also found to be significantly and 
positively correlated with IgG titres, but the correlation was weak. Negative and significant (P<0.05) 
correlations were observed between MCV and MCHC values, and the correlations were from moderate 
to high. MCHC values were significantly (P<0.05), moderately to highly and positively correlated with 
MCH and RBC values. As MCHC and MCH are all related to the haemoglobin concentration in the 
RBC, therefore their positive correlations are normal and to be expected. In addition, MCHC was also 
significantly (P<0.05) and positively correlated with lymphocyte values. RBC was significantly 
(P<0.05) and positively correlated with MCH, RDW and lymphocytes values, and the correlations 
were from weak to moderate. MCH and RDW were significantly (P<0.05) and weakly positively 
correlated. 
 
Lymphocyte values were significantly (P<0.01) and positively correlated with WBC and MCH, and the 
correlations were from moderate to high. However, lymphocytes were significantly (P<0.05) and 
weakly negatively correlated with monocytes. WBC was highly to moderately and positively correlated 
with neutrophils and their correlations were significant (P<0.01). Furthermore, WBC values were also 
significantly (P<0.05) and weakly positively correlated with MCH, basophils, monocytes and RDW 
values. Neutrophils and monocytes were significantly (P<0.01) and positively correlated but weak, 
whereas monocytes were positively and significantly correlated (P<0.01) with basophils from moderate 
to highly levels. 
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Table 5.3.8.1.  Correlations between live weight (BWt), FAMACHA
©
 scores (FAM), faecal egg count (FEC), packed cell volume (PCV), eosinophils 
(Eosin), haemoglobin (Hb), lymphocytes (Lymp), immunoglobulin G (IgG), immunoglobulin A (IgA) and immunoglobulin M (IgM) in female (below 
the diagonal) and male (above the diagonal) full blood Boer goats kids aged 3 to 9 months of age naturally challenged by H. contortus. 
 
Traits BWt FAM FEC PCV Eosin Hb Lymp IgG IgA IgM 
BWt - -0.44** 0.24** -0.18* 0.30** -0.14 -0.46** -0.29** -0.17* -0.32** 
FAM -0.47** - 0.11 -0.20** -0.12 -0.28** 0.23** 0.18* 0.12 -0.15* 
FEC 0.04 0.09 - -0.39** 0.25** -0.62** -0.18* -0.10 0.17* 0.39** 
PCV -0.28** 0.03 -0.14* - -0.11 0.70** 0.15* 0.26** 0.03 -0.11 
Eosin 0.30** -0.30** 0.12* -0.07 - -0.20** -0.10 -0.03 -0.02 0.26** 
Hb 0.13* -0.28** -0.30** 0.38** 0.03 - 0.26** -0.27** 0.09 -0.22 
Lymp 0.04 0.10 -0.09 0.13* -0.01 0.12* - 0.19* 0.11 -0.25** 
IgG -0.18** 0.25** 0.07 -0.08 0.04 -0.17** 0.06 - -0.27** -0.04 
IgA -0.22** 0.12* 0.14* 0.04 0.01 0.02 0.04 0.30** - 0.10 
IgM 0.48** -0.36** 0.05 -0.28** 0.38** -0.03 0.02 -0.04 -0.11 - 
WBC -0.15* 0.22** -0.13* 0.22** 0.06 0.11 0.69** -0.01 0.03 -0.08 
*P<0.05, ** P<0.01 
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Table 5.3.8.2. Correlations between live weight (BWt), FAMACHA
©
 scores (FAM), faecal egg count (FEC), packed cell volume (PCV), eosinophils 
(Eosin), haemoglobin (Hb), lymphocytes (Lymp), immunoglobulin G (IgG), immunoglobulin A (IgA) and immunoglobulin M (IgM) in full blood 
female (FBF) and pure bred female (FPB) (below the diagonal) and male Boer goats kids (above the diagonal) aged 9 to 20 months of age naturally 
challenged by H. contortus. 
 
 Traits BWt FAM FEC PCV Eosin Hb Lymp IgG IgA IgM 
 BWt - 0.25** -0.03 0.01 0.45** -0.11 -0.31** 0.05 0.45** 0.29** 
 FAM -0.22** - 0.27** 0.00 0.22** -0.22** -0.27** 0.11 0.20 -0.07 
 FEC -0.19** 0.05 - -0.14 -0.10 -0.22** -0.19* 0.08 -0.05 -0.22** 
FFB PCV 0.17** -0.18** -0.39** - -0.08 0.65** -0.16* -0.10 0.02 -0.06 
 Eosin 0.37** 0.10** -0.25** 0.12** - -0.13 -0.14 0.05 0.37** 0.12 
 Hb 0.07 -0.22** -0.36** 0.77** 0.07 - 0.18* -0.09 -0.03 -0.08 
 Lymp 0.04 -0.18** -0.07 0.12** -0.02 0.23** - -0.01 -0.21** -0.11 
 IgG 0.44** -0.08* -0.11** 0.05 0.19** -0.02 0.07 - 0.13 -0.04 
 IgA 0.32** -0.06 -0.10* 0.06 0.17** 0.01 0.04 0.17** - 0.14 
 IgM 0.00 -0.03 0.00 -0.08* 0.02 -0.09* 0.09* 0.01 -0.02 - 
 BWt -          
 FAM 0.05 -         
 FEC -0.19 0.20* -        
 PCV 0.31** -0.31** -0.47** -       
FPB Eosin 0.28** 0.24* -0.26** 0.12 -      
 Hb 0.05 -0.35** -0.55** 0.81** -0.08 -     
 Lymp -0.44 -0.19* -0.05 0.22* -0.11 0.26** -    
 IgG 0.12 0.05 -0.12 0.06 0.13 0.07 -0.07 -   
 IgA 0.00 0.10 -0.05 0.09 0.14 0.02 0.01 0.19* -  
 IgM 0.34** 0.02 -0.19* 0.07 0.15 -0.02 -0.11 0.21* 0.02 - 
*P<0.05, **P<0.01
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5.4. Discussion 
  
 5.4.1. The proportion of Haemonchus contortus present in the larval culture   
  
Although the proportion of the H. contortus from the larvae culture did not follow the exact 
trend of temperature and rainfall records, the highest proportion were found in the summer months 
in agreement with previous finding in south-east Queensland (Roberts & Swan 1982) and in other 
regions in Australia (Gordon 1948; Rahman & Collins 1990; Gadahi et al. 2009). The monthly 
rainfall which was the highest in February 2012 (88.6 mm) compared to other months during the 
study period supported the finding of the highest proportion (76%) of H. contortus in the field 
during this month similar to Chenyambuga et al. (2009) and Attindehou et al. (2012). The lower 
proportion of H. contortus from the larval cultures during the cooler months indicated that 
development of the larvae was arrested under lower temperatures (Waller et al. 2004). However, in 
this study herbage samples from the field were not collected or analysed, therefore the actual 
proportion of H. contortus in the field in the different seasons are unknown.  
 
Other important parasitic nematodes present at the study location were the Trichostrongylus 
species. It has been reported that H. contortus, an abomasal parasite and Trichostrongylus, a small 
intestinal parasite, occur together in small ruminant flock in Australia (Adams et al. 1989; Bailey et 
al. 2009). The proportion of Trichostrongylus spp. contributing to the total parasites, as detemined 
by FEC, was higher than the H. contortus in this study especially in the cooler month with 94 and 
91% in June 2011 and June 2012, respectively. This indicates the Trichostrongylus spp. was better 
able to survive in cold and dry environments. This finding is in agreement with Chaneet (1988) who 
reported that the T. colubriformis prevalence was positively correlated with mean autumn, winter 
and spring temperatures. The two most pathogenic Trichostrongylus species, T. colubriformis and 
T. vitrinus (Roy et al. 2004) reported to be dominant during summer (Southcott et al. 1976) and 
winter rainfall (Anderson 1972; 1973; Beveridge & Ford 1982), respectively. 
   
5.4.2. Live weight 
 
The live weights of all goats increased throughout the study period despite minor 
fluctuations in agreement with other studies (Pralomkarn et al. 1997; Fakae et al. 1999; Chiejina et 
al. 2002). The ability of the animals to grow despite the infection indicates some degrees of 
resistance to the pathogenic effects to H. contortus (Chiejina et al. 2002). On the other hand, the 
presence of other nematodes i.e. Trichostongylus spp. could be responsible for the minor reduction 
in the animal’s performance. Previous study in sheep showed that the T. colubriformis infection 
caused gross pathology in the jujunum, which was characterised by the formation of tunnels within 
79 
 
the intestinal epithelium (Baker 1975). Damage to the intestinal epithelium leads to plasma losses in 
the gut, which then leads to proteinaemia. The animals infected with Trichostrongylus were 
possibly loosing their body weight or gaining less weight due to this proteineamia (Baker 1975).  
 
In contrast, this finding is not in agreement with Ameen et al. (2006; 2010) where they found that 
West African Dwarf goats (both kids and adults) were emaciated when they were weekly 
challenged with 750 H. contortus larvae for a 5 week period. Similarly this study is not in 
agreement with Rahman and Collins (1991) where their experimental goats (Saanens, Anglo-
Nubians, Toggenburgs and British Alpines), all lost weight and were more severe in goats 
compared to sheep when challenged with 5,000 goat-derived and sheep-derived strains of H. 
contortus larvae. However, the above studies did not mention whether the animals were drenched 
sometimes during the study. A consistent challenge with a certain amount of H. contortus larvae to 
the animals without interruption by drenching to control the infection during the study, might 
resulted in the animals loosing weight.         
 
5.4.3.  Faecal egg counts (FEC) 
 
The faecal analysis, by the McMaster technique, for determination of FEC does not 
differentiate the type of eggs from H. contortus and Trichostrongylus spp. In order to determine the 
relative worm burden that the animal experienced during the study, faecal culture was conducted to 
determine the proportion of H. contortus and Trichosrongylus larvae. 
 
In this study, grazing Boer goat kids were found to be infected with H. contortus before 3 months of 
age as demonstrated by their FEC. This finding is in contrast with Guedes et al. (2010) in which 
kids from Boer goats crossed with native breeds were FEC-negative for Strongyloidea until four 
months of age under natural challenge of H. contortus. Unfortunately in this study, the age when 
animals were infected cannot be determined as their faecal samples were first collected when 
animals were 3 months old. FEC fluctuated overtime during the study period and were not in 
parallel with the trend of H. contortus prevalence in the field as determined from the larval culture. 
The variations in FEC could be attributed to the occasional drenching by their owner of selected 
animals, with high FEC, during the study period.  
 
The results of this study demonstrated that age has no significant influence on FEC in Boer goats, 
which is in agreement with Attindehou et al. (2012). The overall least square means of FEC in male 
goats were significantly (P<0.0001) higher than female goats which indicates that male Boer goats 
are more susceptible to H. contortus infection than female Boer goats. This finding is in agreement 
with previous studies on H. contortus infestation in goats (Asanji 1988; Corley & Jarmon 2012) and 
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parasite infestations in other mammals (Poulin 1996b, 1996a; Zuk & McKean 1996). Male 
vertebrates are often more susceptible to infection and carry higher parasite burdens in the field 
which could be due to the association between testosterone concentration in the blood and its 
effects on the immune system (Zuk & McKean 1996). Furthermore, intrinsic differences such as 
their physiology, immunology, behaviour and ecology, between female and male hosts can make 
one sex or the other a more benign environment for parasitic helminths (Barger 1993; Poulin 1996a; 
Zuk & McKean 1996). However, in this study, the direct determination of worm burden through 
recovery in the abomasum of the animals was not conducted as no animals were sacrificed during 
the study period.   
 
5.4.4. FAMACHA
©
 scores  
 
Unlike in the younger group of goats, the FAMACHA
©
 scores were not significantly 
different between male and female goats in older group of goats. Previous studies reported that the 
FAMACHA
©
 system may not be as applicable to goats as to sheep as the range of colours in 
conjunctivae is smaller in goats than in sheep, therefore making the FAMACHA
© 
system more 
difficult to apply (Vatta et al. 2001; Van Wyk & Bath 2002). 
 
However, in this study the FAMACHA
© 
score were generally in line with the trend of PCV values 
when the scores of male and female goats were combined (Appendices A). The main benefit of the 
FAMACHA
©
 scoring system in animals infected with blood sucking nematodes is its use for 
discriminating between animals of varying ability to cope with infection and therefore reduce the 
treatments by just treating animals with FAMACHA
©
 scores (3, 4 and 5) (Van Wyk & Bath 2002). 
During the study, this selective treatment was applied to animals with FAMACHA
©
 scores 4 or 5 
and they were treated immediately with anthelmintic. 
 
5.4.5.  Leukocytes  
 
A previous study reported that there was no significant influence on total WBC counts in 
growing goats throughout their study following single challenges with H. contortus from 5,000 to a 
maximum level of 10,000 infective larvae (Howlader et al. 1997). However, total leukocyte counts 
were reported relatively high in infected goats and sheep compared to control groups although no 
significant differences were observed (Qamar & Maqbool 2012). In my study, the WBC counts 
were generally not significantly different throughout the study period and with no clear trends 
related to H. contortus prevalence in the field. This finding was similar to the previous study by 
Charleston (1964). However, the total leukocyte counts in female goats were relatively higher than 
male goats although this was not significant. This finding contrasts with Bolormaa et al. (2010) 
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where they reported that there were a few significant differences in leukocyte counts between male 
and female kids in all ages they studied. 
 
Blood eosinophilia and the infiltration of target tissues by eosinophils are generally assumed as the 
characteristic outcomes of helminth infection in mammals (Bambou et al. 2008). Hypereosinophilia 
is reported as a typical immune responses against helminths (Moreau & Chauvin 2010). Previous 
studies have suggested that blood eosinophilia plays a role in resistance to helminth infection since 
there were significant correlations between resistance/susceptibility to endoparasites infection 
(Dawkins et al. 1989; Patterson et al. 1996b; Balic et al. 2000b; Meeusen et al. 2005; de la 
Chevrotie`re et al. 2012). In this study, the eosinophil values increased with age in both sexes 
indicating some degree of resistance (de la Chevrotie`re et al. 2012) was developing in all infected 
goats. The data showed that eosinophilia is more pronounced in female goats coinciding with a 
relatively lower FEC, as compared to male goats in both young and older groups. Thus in this 
study, eosinophilia in the goats seemed to be associated with their resistance status rather than with 
their level of infection. This is in contrast with the finding of Bambou et al. (2008) but in agreement 
with Qamar and Maqbool (2012).   
  
The lymphocyte counts in this study significantly dropped towards the end of the study in both age 
groups. This result is in agreement with Gill et al. (1991) who suggested that parasite antigen-
specific suppression of lymphocyte responsiveness following substantial experimental challenge 
might account for the inability of goats to acquire resistance to H. contortus. The reason for this 
suppression of lymphocytes could not be explained unless the infected animals were slaughtered to 
further determine the localized response that might be different from the peripheral lymphocytes 
values. The low percentage of peripheral lymphocytes in resistant animals observed at 35 days post 
challenge could reflect a recruitment of T cells in the abomasal mucosa (Bambou et al. 2009a).  
 
Although the lymphocytes counts from male and female goats both decreased during the study, 
female goats exhibited significantly higher lymphocytes counts than male goats similar to the trend 
for eosinophil counts. This indicates that female goats are more resistance to H. contortus than male 
goats. This finding has never been reported in goats. However, both eosinophil and lymphocyte 
values in older goats in both sexes started to increase when goats were at 14 months of age and their 
values remained stable afterwards. From these results, it indicates that goats might develop 
resistance or resilience to H. contortus infection when they reach 14 months of age. Similar to the 
younger female goats, the older female goats showed higher eosinophil and lymphocyte counts 
compared to male goats which might indicate that female goats once again are more resistant to H. 
contortus infection. 
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Reports on neutrophils, monocytes and basophil in H. contortus infected goats and sheep are scarce 
and their role in relation to resistance and resilience is not clear. Slight increases in monocyte and 
basophil values were reported in goats naturally infected and challenged with T. colubriformis 
while neutrophil counts declined steadily with age (Bolormaa et al. 2010; Qamar & Maqbool 2012). 
Significantly increased monocytes values were reported in goats infected with H. contortus (Ameen 
et al. 2006; Al-jebory & Al-Khayat 2012). The increase of monocyte cells in infected animals could 
be due to the effect of stress from the infection (Buddle et al. 1992). In contrast to those findings, 
the results from this study showed the monocyte and basophil counts dropped steadily in both male 
and female goats and were significantly lower in male goats, whilst the neutrophil counts dropped 
in younger male goats and increased significantly with time in both sexes of older goats.  
 
5.4.6. Erythrocytes 
 
Previous studies reported decreased RBC (Howlader et al. 1997; Qamar & Maqbool 2012), 
PCV (Al-Quaisy et al. 1987), PCV and haemoglobin (Pralomkarn et al. 1997; Al-jebory & Al-
Khayat 2012), RBC and haemoglobin (Yacob et al. 2008), PCV and MCV (Bolormaa et al. 2010), 
PCV, RBC, haemoglobin, MCV and MCH (Ameen et al. 2006) values in goats infected either 
naturally or through inoculation with H. contortus. In this study, the younger group of goats, 
especially male goats, showed a marked reduction of RBC, PCV and haemoglobin values similar to 
those previous findings. 
 
Decreased hemoglobin concentration and total RBC counts are important indicators of 
haemonchosis in sheep and goats (Qamar & Maqbool 2012). Packed cell volumes and RBC counts 
were suggested as reliable measures of host pathology and resilience to H. contortus infection in 
West African Dwarf goats (Fakae et al. 1999). Reduction in erythrocyte counts and PCV values 
were reported to be highly correlated with Haemonchus burdens in sheep (Le Jambre 1995), 
therefore PCV may be used as an essential parameter, besides FEC, to describe resistance against 
nematode parasites in sheep (Amarante et al. 2004). 
 
In this study, generally the male goats had lower PCV (under 22%) values i.e. were more anaemic 
than the younger female goats in some months during the study period. Most of the PCV values in 
young male goats were below the range of acceptable packed-cell volumes, 22 to 39% for goats as 
reported by Ermilio and Smith (2011). The changes in RBC counts across the study were very 
similar to changes in PCV reported by Fakae et al. (1999). The decreased RBC counts, PCV and 
haemoglobin values in these animals may be attributed to the blood loss from haematophagous 
activity and bleeding from the abomasa due to the injuries caused by Haemonchus (Abdel 1992).  
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However, in the older group of goats of both sexes, those erythrocytes values were not significantly 
different throughout the study period, although the values varied. This indicates that the younger 
goats were more susceptible to H. contortus infection and suffer more severe consequences 
compared to the older goats reported by Miller and Horohov (2006). The PCV results in this study 
revealed male goats, regardless of their age, have lower PCV values than female goats. This is 
evidence indicating male goats are more susceptible to H. contortus infection than female goats. 
There is no concrete reason to explain the greater susceptibility of male goats to nematode infection 
compared to female goats in this study. The only thing that might influence this situation is the 
slight differences in the flock management implemented in the farm. The differences in 
susceptibility to H. contortus infection between male and female animals could also be due to 
physiological, morphological, and behavioral differences (Poulin 1996b). Sex differences in 
susceptibility to parasite prevalence or intensity are usually attributed to being hormonal in origin 
(Zuk & McKean 1996).  
 
 In this study MCV, MCH and RDW values dropped especially in the younger groups of goats for 
both sexes similar to the finding of Ameen et al. (2006). MCHC values also dropped in this study in 
agreement with Bolormaa et al. (2010). However, in this study the values of MCV and MCH were 
dropped but not significantly lower compared to the MCHC and RDW throughout study period.  
 
This study showed that the erythrocyte variables: RBC, haemoglobin, PCV, MCH, MCHC and 
RBC were higher in female than male goats. In the older group of goats, the values for RBC, 
haemoglobin, MCH, MCHC and RDW were significantly higher in male than female goats. The 
erythrocytes results in older male goats completely contradicted the erythrocytes values in young 
male goats. This could be indicative of the degree of resistance or resilience in older male goats 
compared to young males. 
 
5.4.7.  Immunoglobulin G, A and M 
 
The specific antibodies IgG and IgA are immune parameters that play an important role in 
defence mechanisms against GIT in small ruminants. Protection against challenge by H. contortus 
in adult sheep was reported to be associated with raised levels of IgA in the abomasal mucosa and 
IgG in the serum (Duncan et al. 1978). A previous study suggested that the IgG found in the 
abomasal mucous of sheep repeatedly challenged with H. contortus larvae was derived from blood 
whereas the IgA was locally produced (Smith 1977). In another study in sheep, the IgG, IgA and 
IgM antibody levels did not change materially after first infection by H. contortus and the levels 
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rose slightly after administration of a challenge dose of infective larvae but this rise appeared later 
than the fall in faecal egg counts (Charley-Poulain et al. 1984).  
 
In this study, the IgG and IgA titres in the serum were observed significantly higher at the first 
sampling of younger goats for both males and females coinciding with the higher FEC, when 
compared to the second sampling. The concentrations of both IgG and IgA antibodies in the serum 
then dropped at the second sampling and fluctuated for the remainder of the study period. 
Unfortunately, in this study it is not possible to confirm that the first sampling represented their first 
antibodies response as the faecal egg counts were already positive at the first sampling. Schallig et 
al. (1995) reported both primary and secondary infections induced serum antibody responses in 
Texel sheep against larval and adult H. contortus antigens. 
 
In the older group of goats, both males and females also demonstrated slightly higher IgG and IgA 
antibodies in their serum at the first sampling. The concentrations then dropped and rose again at 
the third sampling (when they were 14 month of age) and their values remained almost stable after 
that. As these goats were already nine months old when the first serum samples were taken, these 
goats were definitely not demonstrating their first immune response against H. contortus. Thus, the 
antibody response indicates their resistance or resilience towards Haemonchus natural challenges. 
As the concentration of IgG and IgA remained almost stable when goats reached 14 months of age, 
this could be the age that goats developed some degree of resistance or resilience to H. contortus 
infection (Vlassoff et al. 1999).   
 
IgM antibody concentrations in the blood serum demonstrated a different trend compared to IgG 
and IgA. IgM antibody concentrations were low in the first sampling and then rose and remained 
high in subsequence samplings until the end of the experiment. The decreased in IgA and IgG 
concentration in the serum compared to IgM is probably due to antibody-parasite antigen 
complexes (Charley-Poulain et al. 1984). IgM concentrations in the serum were significantly higher 
compared to IgG and IgA, probably as it didn’t play any significant role in the immune mechanism 
in goats against H. contortus infection. This result is supported by Schallig et al. (1995) who 
reported that IgM responses were less dominant in sheep against infective larvae and adult H. 
contortus, in which the concentrations of IgM were elevated in their zero FEC sheep. Therefore 
they suggested that the elevation of IgM antibodies was probably caused by cross-reacting or non-
specific antibodies in the serum samples. Cross-reaction IgM antibodies might be due to the 
presence of common epitopes (e.g. carbohydrates or phosphorylcholine) shared with other 
organisms such as bacteria or free-living nematodes (Maizels et al. 1987; Van Leeuwen et al. 1992). 
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In this study, the specific antibodies IgG, IgA and IgM were higher in female goats compared to 
male goats especially in the older group. In older goats, the trends of IgG and IgA were similar to 
the trends exhibited by eosinophils and lymphocytes, in which the concentration of both IgG and 
IgA started to increase when goats were 14 months old and their values remained stable afterwards. 
Female goats once again showed higher concentrations of IgG and IgA compared to male goats, 
thus supporting the earlier indication that female goats are more resistant to H. contortus infection 
compared to male goats. The results from this study also revealed that Boer goats developed 
resistance to infection against H. contortus when they reached 14 months of age. The results 
confirm the study by Vlassoff et al. (1999) who reported that some degree of resistance to nematode 
establishment had developed in goats by 12 to 18 months of age in Angora goats. On the other 
hand, the IgM concentration in serum samples of older goats demonstrated stable values only when 
the animals reached 17 months of age. The reason behind the difference of IgM compared to IgG 
and IgA requires further investigation. 
 
Although H. contortus and Trichostrongylus occurred concurrently in the goat flocks in this study, 
cross-immunity between the two nematodes species in goats was not possible. Previous studies in 
sheep reported that protective immunity is specific for each worm species (Adams et al. 1989). 
 
5.4.8. Correlations and regressions between parasite-associated measured parameters 
in goats 
 
Correlation analyses of the data showed that live weight was positively correlated with 
eosinophil counts. This result is in agreement with Bolormaa et al. (2010) and Olayemi et al. (2011) 
where eosinophil counts were positively associated with the live weight of Australian Angora and 
Cashmere goats naturally infected and followed by challenge infections with T. colubriformis. They 
suggested that such positive correlations between live weight and eosinophil counts may indicate 
resistance to infection rather than of the infection itself.  
 
FAMACHA
©
 scores were generally very low and negatively correlated with PCV as shown in 
younger male and both female goats in the older group. This finding was not in agreement with 
Kaplan et al. (2004), who reported the PCV and eye membrane colour scores were highly 
correlated. This may attributed to the occasional drenching of selected animals during the study 
period. The FAMACHA
©
 scores were also positively correlated with eosinophil counts.  High 
FAMACHA
© 
scores indicates paleness of the eye membrane as a result of blood loss in animals as 
packed cell volume (PCV) is a reliable indicator of anemia (Dargie et al. 1979 ). Therefore, in the 
case of blood sucking nematode infection in goats, high FAMACHA
© 
scores, with high eosinophil 
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counts in serum indicates the immune response is mounted to fight the infection. This study also 
found that FAMACHA
© 
scores were also negatively correlated with haemoglobin, MCH, MCHC 
and RBC counts which indicates blood lost affects red blood cell volume and leads to haemoglobin 
deficiency.  
 
The results of this study showed FEC were negatively and moderately to highly correlated with 
PCV. This result is in agreement with previous reports indicating a significant strong negative 
correlation between FEC and PCV in goats infected with H. contortus (Chiejina et al. 2002; Fakae 
et al. 2004; Yacob et al. 2008). There was no strong evidence that FEC was closely correlated with 
eosinophil counts in this study as the results showed that: both sexes of the younger goats had a 
positive significant correlation; the older male goats demonstrated a non-significant correlation; and 
both older female goats group (FFB and FPB) had a significantly negative correlation between FEC 
and eosinophils values. However, the result of non-significant correlations between FEC and 
eosinophils in older male goats in this study is in agreement with Fakae et al. (1999; 2004) who 
found no significant correlation between eosinophils and FEC in H. contortus infected Nigerian 
West African Dwarf goats. On the other hand, elevated percentages of circulating eosinophils were 
associated with resistance to reinfection (Ganley-Leal et al. 2006). A previous study reported that 
numbers of eosinophils were higher in high responder lambs when compared to low responders 
after vaccination and challenge infections with T. colubriformis (Dawkins et al. 1989). Furthermore, 
a significant negative correlation between blood eosinophilia and FEC exhibited by the older 
female goats indicated the expression of resistance (Buddle et al. 1992). However, in this study, 
occasional drenching of some animals (with high FEC) during the study period may have had an 
effect on the FEC results as data from the drenched animals were also included in the statistical 
analysis.  
 
The study also showed no clear correlation between FEC and immunoglobulin titres in all groups of 
goats. This finding is in accordance with Fakae et al. (1999) who reported there were no consistent 
associations found between parasite burden and any immunological measures of infection in goats 
infected by H. contortus.  
 
This study showed that PCV and MCV were significantly and negatively correlated with MCHC. 
Olayemi et al. (2011) also reported strongly negative correlations between MCHC and both PCV 
and MCV indicating that nematode infected kids with high PCV and MCV have low MCHC. 
MCHC is directly proportionate to haemoglobin but inversely proportionate to haematocrit values 
(PCV) (Cornell University 1996). Therefore, when the PCV of infected animals is low, 
haemoglobin will be more concentrated and thus increases MCHC values. MCV was significantly 
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(P<0.01), positively and moderately correlated with RDW. This is not surprising because in an 
anaemic condition an animal’s MCV goes hand in hand with RDW. Negative and significant 
(P<0.05) correlations were observed between MCV and MCHC, and the correlations were from 
moderate to high indicating the animals were anaemic as a result of blood loss caused by the 
nematode. This study also showed MCHC increased with increases in lymphocytes indicating blood 
loss and immune responses to the nematode. The responses of the immune system in this study 
were further indicated by the significant and positive correlation between PCV and lymphocytes. 
 
5.5. Summary 
 
This study has investigated and discussed the indicators of infection and the development of 
immunity parameters in Boer goats aged from 3 to 20 months against H. contortus under natural 
exposure.  The results of the study support the hypothesis tested that the development of immunity 
in Boer goats against H. contortus is dependent on continuous exposure and the quantity of the 
infective stage larvae, L3 acquired by the animals at any stage in their life.  
 
The results indicate that goats can be infected with H. contortus as early as less than 3 months of 
age when they graze on contaminated pastures even though they are not fully active grazers at that 
age. The study also showed that Boer goats start to develop resistance and resilience to H. contortus 
infection when they reach 14 months of age based on their stable lymphocytes, eosinophils, IgG 
and IgA values. These important specific immune response indicators were in their serum as early 
as three months of age in kid that were already infected. The results of this study revealed that 
female Boer goats have more resistance and resilience to H. contortus infection compared to male 
goats as determined by higher lymphocyte, eosinophil, IgG and IgA values.  
 
However, as some of the animals were drenched (animals with FAMACHA
© 
 score 4 and 5) during 
the monthly sampling, which may have lead to the fluctuating FEC values over the study period, the 
indirect determination through FEC on quantity of L3 acquired by the animals during grazing were 
difficult to infer. Also worm recovery from the abomasum, that might indicate the real worm 
burden in the tested animals, was not conducted. Therefore, in this study the hypothesis on the 
development of immunity in Boer goats based on the quantity of L3 acquired during grazing was 
not completely fulfilled. Based on the FEC from faeces collected from animals on this farm, the 
population of Trichostrongylus was much higher than H. contortus. Therefore, Trichostrongylus 
might be more important than Haemonchus in relation to the economical losses at this farm. 
 
 
 
88 
 
CHAPTER 6 
 
Development of immunity, against natural infection by Haemonchus contortus, in Boer kids 
born to protein supplemented does, during late pregnancy.  
 
6.1. Introduction 
 
Pregnant females may experience periparturient relaxation of immunity (PPRI), a condition 
where these animals risk loss of their acquired immunity to parasites during late pregnancy through 
to early lactation (Houdjik 2008; Zaralis et al. 2009). The PPRI in goats infected with H. contortus 
or mixed infection with T. colubriformis have been studied by Hoste and Chartier (1993) and 
Chartier et al. (2000) (dairy goats); Baker et al. (1998) (Galla and Small East African goats) and 
Mandonnet et al. (2005) (Creole goats). Their results all show that there were significant increases 
in FEC and decreases in PCV values in parasitized goats as compared to control animals. 
 
Reduced nutrient intake when there is increasing nutrient demand during late pregnancy and 
subsequent lactation may have an influence on PPRI (Coop & Kyriazakis 1999; Houdjik 2008). 
Therefore, animals with high nutritional requirements (e.g. during late pregnancy) should be more 
sensitive to GIN infections (Coop & Kyriazakis 1999). Failure to provide sufficient nutrients during 
peak nutritional demand e.g. during late pregnancy may results in animals failing to express 
acquired immunity to parasites (Houdjik 2008). Conversely, enhanced nutrition may affect the 
ability of the host to cope with the consequences of parasitism (Bricarello et al. 2005; Athanasiadou 
et al. 2009; Marume et al. 2011). PPRI may also affect the subsequent performance of kids from 
dams if they were heavily infected during pregnancy. Mandonnet et al. (2005), reported that kids 
from dams with FEC more than 600 EPG, during pregnancy, had 17% lower average daily weight 
gain between 30 and 70 days postpartum, and were approximately 1 kg lighter at weaning, 
compared to kids from dams with lower FEC.  
 
Protein supplementation has been shown to be effective in enhancing specific immune responses 
against GIP infection (Sis et al. 2011). However, a study in Merino lambs by McPherson et al. 
(2012) reported that fetal exposure to a maternal high-protein diet (21% crude protein) in the first 
100 days of gestation failed to enhance resistance of these weaned Merino lambs against H. 
contortus. Another study showed the levels of serum IgG and IgA antibodies against somatic H. 
contortus infective larvae and adult antigens were higher in ewes that received higher metabolizable 
protein diets (Rocha et al. 2011). However, there have been no reports on the development of 
immunity of kids born from protein supplemented does exposed to H. contortus. 
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Therefore, the aim of this study was to investigate the effect of dietary protein supplementation on 
selected blood and immune parameters during late pregnancy in full blood Boer goats towards 
natural infection by H. contortus. A second aim of this study was to investigate the development of 
immunity in kids born from protein supplemented does compared to kids from non-protein 
supplemented does, with both groups exposed to natural infection by H. contortus. The first 
hypothesis tested in this study is that dietary protein supplementation of Boer does during late 
pregnancy will result in an improvement of their immune system and performance, compared to un-
supplemented does. The second hypothesis tested is that protein supplementation of these 
supplemented does during late pregnancy will result in an improvement in the development of 
immunity of their kids after weaning, compared to kids from un-supplemented does, after exposure 
to infection by H. contortus. The objective of the study are: 1) to determine their FEC, selected 
blood parameters and specific immunoglobulins (IgG, IgA and IgM) both in protein supplemented 
and un-supplemented does, and 2) to determine the FEC, selected blood parameters and specific 
immunoglobulins (IgG, IgA and IgM) in kids, born from both protein supplemented and un-
supplemented does, from weaning until 10 months old.  
 
6.2. Materials and methods 
 
 The materials and methods used in this experiment are described in detail in Chapter 4. In 
brief, the study was conducted at The University of Queensland Gatton campus farm involving 26 
Boer does (aged from 36 to 48 months) and 19 of their kids born in late August and early 
September 2011. Dams were divided into 2 groups with equal numbers of animals (of different 
ages) in each group, and both groups had access to grazing. The first group with 13 pregnant does 
were supplemented with lucerne (Medicago sativa) pellets at 1% bodyweight of their bodyweight in 
the last 4 weeks of their pregnancy. The lucerne pellets were obtained from a commercial feed 
supplier in Queensland Australia (Lockyer Lucerne Pellets
®
 (LLP). It contained an average of 
90.5% dry matter, 18.6% protein and 9.3 ME MJ/kg energy (Lockyer Lucerne Products Pty Ltd 
2011). The second group of pregnant does were not given any protein supplementation. 
The lucerne pellets were offered at about 8.00 am in the morning every alternate day. The protein 
pellets were offered based on the equivalent of 1% of the live weight of every doe in Group 1. The 
pellets were placed in individual trays before offered to individual does temporarily penned until 
they had finished their supplements. Feeding supplements to the does in Group 1 was terminated 
upon their parturition. The second group of 13 does were not supplemented and were able to graze 
pasture all day. However, both groups were given access to sorghum hay when pasture conditions 
deteriorated during winter (June and July) and early spring (August to September). The pastures 
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were predominately improved perennial grasses including Chloris gayana, Cynodon dactylon, 
Panicum maximum and Paspalum dilatatum. All animals were left to graze in the paddocks day and 
night.  
  
Kids were ear tagged within hours of their birth and their dam identified. Kids suckled their 
mothers until weaning at 12 weeks old although they had started grazing pastures at about four 
weeks of age. Individual faecal and blood samples were collected from the goats at monthly interval 
from the start of the experiment in August 2011 until June 2012. FAMACHA
©
 scores and the live 
weights of the goats were also recorded when faecal and blood samples were collected. The dam 
and their kids were drenched individually every time their FEC measured above 1,000 EPG of 
faeces. 
 
The kids live weights, from both groups, were recorded at birth and then at monthly intervals, at the 
same time as their dams. Faecal and blood samples were also collected from kids immediately 
before weaning and then at monthly intervals until they reached 9 months of age. Faecal samples 
were used to determine FEC and for larval cultures to determine the actual nematode, and blood and 
serum samples  analysed for a range of measurements, and these data were analysed statistically 
using the same methods as in Experiment 1.  
 
6.3.  Results 
 
6.3.1. The proportion of Haemonchus contortus present in the larval culture   
 
During the course of this study, the proportion of H. contortus, from total prevalence of 
nematode parasites in the field, was determined indirectly through FEC from fresh faeces collected 
per rectum of each goat. H. contortus dominated each month from August 2011 until June 2012 
with the range from 68 to 99% while the remainder was Trichostrongylus sp. (Table 6.3.1). Some 
Moniezia sp. were detected in kid faecal samples. The highest proportion of H. contortus in the 
study, both 99.0%, was in February and April 2012 and the lowest, 68.0%, was in November 2011. 
Rainfall fluctuated over the study period with the highest rainfall in December 2012 (166.6 mm) 
and the lowest in April 2011 (4.2 mm) (Table 6.3.1). The highest average temperatures were in 
January and February 2012 with 24.6
o
C and the lowest was in June 2012 at 14.6
o
C (Figure 6.3.1). 
Over the study the average proportion of H. contortus was 83.8%, with an average monthly 
temperature of 20.1
o
C and 72.1 mm of rainfall. 
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Table 6.3.1. The percentage of H. contortus and Trichostrongylus spp. populations in the field, 
average monthly temperature, and rainfall at The University of Queensland farm during the study. 
Year Month 
H. 
contortus 
(%) 
Trichostrongylus 
spp. (%) 
Average 
temperature 
(
o
C) 
Monthly 
rainfall 
(mm) 
2011 
August 79.0 21.0 15.0 47.4 
September 76.0 24.0 16.8 13.2 
October 78.0 22.0 19.6 111.2 
November 68.0 32.0 24.2 79.2 
December 86.0 14.0 22.6 166.6 
2012 
January 98.0 2.0 24.6 114.8 
February 99.0 1.0 24.6 88.4 
March 80.0 20.0 22.8 60.8 
April 99.0 1.0 20.5 5.2 
May 83.8 16.2 16.2 14.6 
June 75.0 25.0 14.6 91.8 
 Overall mean 83.8 16.2 20.1 72.1 
 
 
Figure 6.3.1.  Average monthly proportion (%) of H. contortus versus monthly maximum and 
minimum of temperatures (
o
C) and rainfall (mm) in The University of Queensland farm during the 
study period. 
 
6.3.2.  Live weight  
 
The live weights of does used in this experiment were recorded at the start of the experiment 
in August 2011 when they were pregnant and due to kid 4 weeks later. The does were between 3 to 
4 years old at the start of the experiment and thus their actual (mature) live weight, because of the 
weight of foetuses and associated reproductive organs, would be difficult to measure. The average 
live weight of does in the protein supplemented and un-supplemented groups were 53.1 and 53.8 
kg, respectively, and the difference was not significant (P>0.05). In this study all the does, 
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regardless of protein supplementation, gained weight after they kidded and their live weights were 
not significantly (P>0.05) different throughout the study (Table 6.3.2.1; Appendix B).  
 
The live weight of kids from both protein-supplemented and un-supplemented groups of does 
increased significantly (P<0.05) from birth to 9 months of age. The average birth weights of both 
male and female kids from supplemented and un-supplemented groups were not significantly 
(P>0.05) different, although male kids were slightly heavier than female kids. There was no 
significant differences between male and female kid body weights in both groups over the study 
period except in October (P<0.01), November (P<0.04) and December (P<0.01) 2011, by which 
time male kids were significantly (P<0.05) heavier than female kids in the protein supplemented 
does group (Table 6.3.2.2; Appendix B). The average weight gain for kids in the protein 
supplemented does group was 1.7 and 2.0 kg for females and males, respectively, throughout the 
study period. For the un-supplemented does’ kids, their weight gain for females and males were 1.9 
and 2.0 kg, respectively. The least square means of live weight of Boer kids from birth to 10 
months old are shown in Figure 6.3.2.1. The details on live weight performance of the kids over the 
study period are shown in Table 6.3.2.3 (Appendix B).  
 
 
Figure 6.3.2.1. The least square means of live weight of male and female Boer kids aged from birth 
to 10 months old, born to protein supplemented (SDK) and un-supplemented (NDK) does during 
their last four weeks of pregnancy.  
 
6.3.3.  Faecal egg counts (FEC) 
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The least square means of FEC in protein supplemented and un-supplemented does and their 
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period. The does without protein supplementation demonstrated the lowest FEC in October 2011 
with a least square mean of 75 ± 28 and the highest FEC was in August with 2,762 ± 1,038. 
 
The 
protein supplemented does had the lowest FEC in November with a least square mean of 82 ± 40 
and the highest FEC were in September with 2,469 ± 515. Overall the least square means of FEC 
throughout the study period were 1,265 ± 168 and 1,361 ± 221 for un-supplemented and protein 
supplemented does, respectively and there was no significant difference (P>0.05).  
 
Kids 
Tables 6.3.3.2 and 3 show the comparison of the FEC between kids from does without and 
with protein supplementation.  During the study FEC fluctuated in kids from protein supplemented 
and un-supplemented does. The highest FEC values from all kids, regardless of their does’ 
supplementation, were detected in January and April 2012. The lowest FEC values were detected in 
February and November for male and female kids from un-supplemented and protein supplemented 
does, respectively. The FEC values were not significantly different (P>0.05) between males and 
females in both groups of kids except in December for male and female kids from does without 
protein supplementation during their late pregnancy. 
 
Table 6.3.3.1. Monthly least square means of faecal egg counts (FEC) ± standard errors from 
protein supplemented and un-supplemented does during the study. 
Month n NSupD n SupD P value 
August 13 2,762 ± 1,038
a
 13 2,430 ± 876
ac
 0.1361 
September 13 1,942 ± 452
a
 12 2,469 ± 515
ac
 0.4778 
October 11 75 ± 28
b
 8 515 ± 418
b
 0.6462 
November 11 138 ± 56
bc
 8 82 ± 40
b
 0.7466 
December 10 589 ± 252
cd
 8 618 ± 113
c
 0.2593 
January 10 2,038 ± 430
a
 8 2,320 ± 983
ac
 0.2477 
February 10 738 ± 232
d
 8 940 ± 300
c
 0.4558 
March 10 1,825 ± 292
a
 8 1,810 ± 440
ac
 0.3781 
April 10 2,513 ± 1474
a
 8 1,922 ± 582
ac
 0.6812 
May 10 238 ± 50
bcd
 8 140 ± 43
b
 0.0815 
June 10 813 ±  383
abcd
 8 589 ± 133c 0.2415 
Overall mean  1,265 ± 168  1,361 ± 221 0.3653 
n Number of animals 
a,b,c,d  
Means within a column with different superscripts are significantly different (P<0.05) 
NSupD - Un-supplemented does 
SupD - Protein supplemented does 
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Table 6.3.3.2. Monthly average faecal egg counts (FEC) ± standard errors in male and female Boer goats kids from birth to 10 months from August 
2011 to June 2012. 
 
Month 
Animal age 
(months) 
Male NDK 
(n=2) 
Female NDK 
(n=5)  
P value 
(monthly) 
Male SDK 
(n=2) 
Female SDK 
(n=12)  
P value 
(monthly) 
August 0 0 0  0 0 
 
September 1 0 0  0 0 
 
October 2 0 0  0 0 
 
November 3 750 ± 250 1,320 ± 263 0.6266 3,650 ± 850 3,242 ± 875 0.6556 
December 4 850 ± 150 120 ± 58 0.0002 250 ± 250 150 ± 52 0.3915 
January 5 9,750 ± 1,550 8,980 ± 1,555 0.9006 7,950 ± 3,350 9,800 ± 1,375 0.8141 
February 6 500 ± 0.0 500 ± 110 0.9076 1,000 ± 800 1,292 ± 398 0.8291 
March 7 3,700 ± 500 4,260 ± 1,555 0.921 1,850 ± 250 3,500 ± 743 0.7021 
April 8 7,550 ± 1,150 6,560 ± 1,155 0.8266 9,800 ± 2,200 5,125 ± 948 0.3317 
May 9 1,050 ± 950 860 ± 360 0.8945 500 ± 300 1,392 ± 596 0.5061 
June 10 950 ± 350 360 ± 75 0.2804 650 ± 450 933 ± 149 0.5348 
Overall mean  3,137 ± 893 2,870 ± 579 0.4016 3,206 ± 972 3,179 ± 397 0.4898 
n Number of animals 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.3.3. Monthly average faecal egg counts (FEC) ± standard errors in male and female Boer goats kids from birth to 10 months from August 
2011 to June 2012. 
 
Sampling date 
Animal 
age 
(month) 
Male NDK 
(n=2) 
Male SDK 
(n=2) 
P value 
(monthly) 
Female NDK 
(n=5)  
Female SDK 
(n=12)  
P value 
(monthly) 
August 0 0 0  0 0 
 
September 1 0 0  0 0 
 
October 2 0 0  0 0 
 
November 3 750 ± 250
ac
 3,650 ± 850
a
 0.1601 1,320 ± 263
ac
 3,242 ± 875
ade
 0.215 
December 4 850 ± 150
ac
 250 ± 250
b
 0.0019 120 ± 58
b 
150 ± 52
bd
 0.2299 
January 5 9,750 ± 1,550
b
 7,950 ± 3,350
ac
 0.8005 8,980 ± 1,555
c
 9,800 ± 1,375
c
 0.953 
February 6 500 ± 0.0
ac
 1,000 ± 800
a
 0.8728 500 ± 110
b
 1,292 ± 398
d
 0.4284 
March 7 3,700 ± 500
bc
 1,850 ± 250
a
 0.5446 4,260 ± 1,555
c
 3,500 ± 743
ef
 0.6643 
April 8 7,550 ± 1,150
b
 9,800 ± 2,200
c
 0.8294 6,560 ± 1,155
c
 5,125 ± 948
f
 0.5185 
May 9 1,050 ± 950
c
 500 ± 300
b
 0.9214 860 ± 360
ab
 1,392 ± 596
df
 0.5751 
June 10 950 ± 350
ac
 650 ± 450
b
 0.5812 360 ± 75
b
 933 ± 149
bd
 0.1217 
Overall mean  3,137 ± 893 3,206 ± 972 0.4794 2,870 ± 579 3,179 ± 397 0.3303 
n Number of animals 
a,b,c  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.4. FAMACHA
©
 scores  
 
FAMACHA
©
 scores for each group of does and kids are recorded in Figure 6.3.4.1 and 
Tables 6.3.4.2 & 3, respectively. Frequency analyses of FAMACHA
© 
scores are presented in 
Tables 6.3.4.4 and 6.3.4.5 (Appendix B) for does and kids, respectively. No significant difference 
(P>0.05) was found between FAMACHA
©
 scores for un-supplemented and protein supplemented 
does throughout the study period except in January 2011 when the supplemented does exhibited 
slightly lower scores than the un-supplemented does. However, both groups of does had higher 
FAMACHA
© 
scores during spring (September and October) compared to winter (June and July). 
The frequency analyses showed both does groups were in FAMACHA
©
 scores 2, 3 and 4. No does 
in the un-supplemented group had a FAMACHA
©
 score 1 and they once scored a 5, in September 
2011. In contrast, one of the protein supplemented does had a FAMACHA
©
 score 1 and none ever 
scored a 5. The FAMACHA
©
 scores for both groups of does is shown in Figure 6.3.4.1. 
 
In kids, the highest FAMACHA
©
 scores were recorded in October 2011. Their scores remained 
high during summer (December, January and February) and improved or decreased during winter 
(June and July) but were not significantly different (P>0.05) except in male kids from protein 
supplemented does. There was no significant difference (P>0.05) for FAMACHA
©
 scores between 
male and female kids and among all groups over the study period. The frequency analyses of 
FAMACHA
©
 scores in kids showed most of them were 2 or 3. Occasionally some kids had a score 
of 1 or 4, and no kids had a score of 5 over the study period. The FAMACHA
©
 scores of all groups 
of kids are shown in Figure 6.3.4.2. 
 
 
Figure 6.3.4.1. Least square means of FAMACHA
©
 scores from Boer does, either protein 
supplemented (SupD) or un-supplemented (NSupD) from late pregnancy in August 2011 until 
parturition in October, through to June 2012. 
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Figure 6.3.4.2. The least square means of FAMACHA
©
 scores, recorded from October 2011 to June 
2012, from male and female Boer kids aged 3 to 10 months from does supplemented (SDK) and un-
supplemented (NDK) with protein during late pregnancy until parturition. 
6.3.5. Leukocytes 
 
The least square means of total white blood cell (WBC) counts and the five main white cell 
types for Boer does supplemented and not supplemented with protein in the last 4 weeks of 
pregnancy until 6 months post-parturient is given in Table 6.3.5.1 (Appendix B). In both doe 
groups, the WBC counts increased with slight fluctuations from September 2011. However, 
throughout the study, only the un-supplemented does showed significantly different (P<0.05) WBC 
counts in November, January and April, compared to the first (August 2011) and the last (June 
2012) WBC counts. The overall WBC counts showed no significant difference (P>0.05) between 
both does groups over the study period. 
 
Neutrophil counts showed an increasing trend during summer months (December to February) in 
both doe groups. The protein supplemented does had higher and significantly different (P<0.05) 
values in February compared to the un-supplemented does. However, overall neutrophil counts 
showed no significant difference (P>0.05) between the groups. For the lymphocytes counts, all of 
the does, regardless of their protein supplementation, showed an increasing trend although no 
significant difference (P>0.05) was observed (Figure 6.3.5.1) between the two groups of does. 
However, the protein supplemented does had slightly higher lymphocyte counts in most of the 
months but the only significant difference (P<0.05) was in March, compared to the un-
supplemented does. Over the study period, there was a lack of significant difference (P>0.05) for 
the lymphocytes counts between the two groups of does. 
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Figure 6.3.5.1. Mean values for blood lymphocytes of Boer does initially supplemented with 
protein (SupD) or un-supplemented (NSupD) during the last four weeks of their pregnancy and for 
the following nine months. 
 
Monocyte counts showed an ascending trend during summer months in both groups of does and 
with no significant difference (P>0.05) observed between the groups. Throughout the study period 
the un-supplemented group of does had significantly (P<0.05) lower monocyte counts during 
winter (June) compared to spring (August) and summer (December to February), but this was not 
the case for does in the protein supplemented group. Eosinophil counts in both groups of does had a 
trend to increase throughout the study. Figure 6.3.5.2, shows eosinophil counts were slightly higher 
in the protein supplemented group of does although no significant difference (P>0.05) was 
detected. Over the study period, eosinophil counts were significantly higher (P<0.05) in all months 
until the end of the experiment compared to the beginning in both does groups. 
 
 
 
Figure 6.3.5.2. Mean values for blood eosinophils of Boer does initially supplemented with protein 
(SupD) or un-supplemented (NSupD) during the last four weeks of their pregnancy and for the 
following nine months. 
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There was no clear trend for basophil counts in this experiment for both groups of does. Values 
fluctuated throughout the study period and there was no significant differences (P>0.05) observed 
between the groups. However, the basophil counts in does without protein supplementation were 
significantly (P<0.05) lower at the end of the experiment in contrast with the group of does 
supplemented with protein. 
 
In kids, leukocyte values were compered between male and female animals within groups and as 
well as between groups (Tables 6.3.5.2, 3, 4 & 5, Appendix B). There were no significant 
differences for WBC values (P>0.05) between male and female kids within or between treatment 
groups, and there were no significant differences for WBC values from kids born to supplemented 
and un-supplemented does.  
 
For the neutrophil counts, no significant differences (P>0.05) were observed in male and female 
kids from protein supplemented does group except in January and May 2012 when male kids had 
significantly (P<0.05) higher values than female kids. Similar to the male kids from the protein 
supplemented does, male kids born from the un-supplemented does also had significantly (P<0.05) 
higher neutrophil values (compared to their female counterparts) in January but not in May 2012. 
Female kids from does supplemented with protein had significantly (P<0.05) higher neutrophil 
counts in February 2012.  
 
There were no significant differences for lymphocyte counts (P>0.05) between male and female 
kids within or between treatment groups, and there were no significant differences for lymphocytes 
counts from kids born to supplemented and un-supplemented does (Figure 6.3.5.3). 
 
 
Figure 6.3.5.3. Mean values for lymphocytes in the serum of male and female kids from Boer does 
initially supplemented with protein (SDK) during the last four weeks of their pregnancy. 
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Figure 6.3.5.4. Means values for lymphocytes in the serum of male and female kids from Boer does 
not supplementation with protein (NDK) during last four weeks of their pregnancy. 
 
 
 
Figure 6.3.5.5. Mean values for lymphocytes in the serum of male kids from Boer does initially 
supplemented with protein (SDK) and un-supplemented (NDK) during the last four weeks of their 
pregnancy and for the following nine months. 
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Figure 6.3.5.6. Mean values for lymphocytes in the serum of female kids from Boer does initially 
supplemented with protein (SDK) and un-supplemented (NDK) during the last four weeks of their 
pregnancy and for the following nine months. 
 
No significant differences (P>0.05) were observed in monocyte counts among the kid groups and 
sexes except in January, where the male kid group from the protein supplemented does showed 
significantly higher (P<0.05) monocyte counts than their female counterparts. Monocyte counts 
from female kids, from the protein supplemented group of does, were significantly lower (P<0.05) 
at the end of the experiment than the other kid groups.     
 
For the eosinophil counts, the male kids from protein supplemented does had significantly higher 
(P<0.05) values in December, January and February compared to the female kids from the same 
does. On the other hand, no significant differences (P>0.05) were observed between male and 
female kids from does that were not supplemented. The male kids from protein supplemented does 
also had significantly higher (P<0.05) eosinophil counts compared to the male kids born from un-
supplemented does. In contrast no significant differences (P>0.05) were observed in female kids 
from both does groups (except in February, P<0.05) although the female kids from the protein 
supplemented does had slightly higher values. No significant differences (P>0.05) were observed in 
eosinophil counts in all groups and both sexes of kids over the duration of their study.      
 
There were no significant differences for basophils (P>0.05) between male and female kids within 
or between treatment groups, and there were no significant differences for basophil values from 
kids born to supplemented and un-supplemented does except for significantly higher (P<0.05) 
basophil counts in January in male kids compared to the female kids from the protein supplemented 
does. 
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6.3.6. Erythrocytes 
 
The least square means of erythrocyte values in Boer does supplemented and not 
supplemented with protein during the last 4 weeks of their pregnancy and their respective offspring 
are presented in Tables 6.3.6.1, 2, 3, 4 and 5, respectively (Appendix B). No significant differences 
(P>0.05) were observed in the different types of erythrocytes, between protein supplemented and 
un-supplemented does. However, the RBC, Hb, MCH, MCHC and RDW values were slightly 
higher at the end of the experiment for both doe groups and significantly higher (P<0.05) in the 
protein supplemented group of does compared to the un-supplemented does. PCV levels were 
slightly higher in the protein supplemented group of does especially earlier in the study (Figure 
6.3.6.1), but were not significantly different (P>0.05) by the end of the experiment for both doe 
groups. 
 
Figure 6.3.6.1. Mean values for packed cell volume (PCV) of Boer does initially supplemented with 
protein (SupD) or un-supplemented (NSupD) during the last four weeks of their pregnancy and for 
the following nine months.  
 
There were mostly no significant differences for erythrocyte values (P>0.05) between male and 
female kids within or between treatment groups and there were no significant differences for 
erythrocyte values from kids born to supplemented and un-supplemented does except PCV values 
were significantly higher (P<0.05) in female kids compared to the male kids in the does 
supplemented with protein and for female kids from the group of un-supplemented does that had 
significantly (P<0.05) higher values of haemoglobin in January, PCV in January and March, and 
MCH in March.  
 
In female kids, some of the erythrocyte counts were significantly (P<0.05) higher in some of the 
months. For example, the RBC and haemoglobin values were significantly (P<0.05) higher in 
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January for female kids from protein supplemented does. Furthermore, MCV counts were 
significantly (P<0.05) higher in February, and MCHC values were significantly (P<0.05) higher in 
January and February in kids from protein supplemented does compared to their counterparts. 
Within the duration of study, only PCV, MCV and MCH were significantly (P<0.05) higher at the 
end of the experiment compared to their values at the beginning in female kids from un-
supplemented does. Female kids from does that were supplemented with protein during their late 
pregnancy had significantly (P<0.05) higher MCV values and significantly (P<0.05) lower RDW 
values, whilst other erythrocyte counts were not significantly different (P>0.05) between the 
beginning and end of the experiment.  
 
 
 
 
 
 
 
 
 
Figure 6.3.6.2 (a)    Figure 6.3.6.2 (b) 
Figure 6.3.6.2. Means of PCV for male and female kids aged 2 to 10 months from Boer does 
supplemented with protein (SDK) (a) and not supplemented (NDK) with protein (b) during the last 
four weeks of their pregnancy. 
 
 
 
 
 
 
 
 
 
Figure 6.3.6.3 (a)      Figure 6.3.6.3 (b) 
Figure 6.3.6.3. Means of PCV for male (a) and female (b) kids aged 2 to 10 months from Boer does 
supplemented with protein (SDK) (a) and not supplemented (NDK) with protein (b) during the last 
four weeks of their pregnancy. 
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6.3.7. Immunoglobulins G, A and M 
 
The least square means of circulating specific IgG, IgA and IgM ELISA titres recorded in 
protein supplemented and un-supplemented Boer does during the last four weeks of their 
pregnancy, and their kids aged 2 to 10 months are presented in Tables 6.3.7.1, 2, 3, 4 and 5, 
respectively. 
 
6.3.7.1. Immunoglobulin G (IgG) 
 
During November and December, the protein supplemented does had significantly (P<0.05) 
higher IgG concentrations compared to the un-supplemented does. In both groups IgG 
concentration was significantly higher (P<0.05) starting from November through to the end of the 
experiment (Figure 6.3.7.1 (i)) compared to the previous months.  
 
 
 
Figure 6.3.7.1 (i). Mean of log10 IgG ELISA titres in the serum of Boer does either supplemented 
with protein (SupD) or un-supplemented (NSupD) during the last four weeks of their pregnancy. 
 
In kids, generally IgG titres showed no significant differences (P>0.05) between males and females 
within groups of does except in December and March. In these two months, the female kids of does 
which were not supplemented with protein during their pregnancy had significantly (P<0.05) higher 
IgG titres compared to their male counterparts. Throughout the study period, IgG titres fluctuated in 
both sexes of kids from both doe groups. However, IgG titres in female kids, regardless of doe 
group, were significantly (P<0.05) higher towards the end of the experiment, compared to the 
beginning. Female kids started to produce IgG antibody at two months of age (in October), a month 
earlier than male kids regardless of their doe group. IgG titres in male and female kids from both 
groups of does are presented in Figures 6.3.7.2 (ii) (a & b) and 3 (a & b). 
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Figure 6.3.7.1 (ii) (a)      Figure 6.3.7.1 (ii) (b) 
 
Figure 6.3.7.1 (ii). Means of IgG ELISA titres in male and female kids aged 2 to 10 months from 
Boer does supplemented (SDK) (a) and un-supplemented (NDK) (b) with protein during the last 
four weeks of their pregnancy.  
 
 
 
 
 
 
 
 
 
 
Figure 6.3.7.1 (iii) (a)      Figure 6.3.7.1 (iii) (b) 
Figure 6.3.7.1 (iii). Means of IgG ELISA titres in male (a) and female (b) kids aged 2 to 10 months 
from Boer does either supplemented (SDK) or un-supplemented (NDK) with protein during the last 
four weeks of their pregnancy.  
 
6.3.7.2. Immunoglobulin A (IgA) 
 
The IgA titres recorded from does that were supplemented and not supplemented with 
protein showed some months were significantly different (P<0.05). For example in December, 
March and May, the protein supplemented does demonstrated a significantly higher (P<0.05) IgA 
titres than the un-supplemented does. Although there were no significant differences (P>0.05) in 
IgA titres in some months, the supplemented group of does had slightly higher IgA titres than un-
supplemented does. In both group of does, the peak of IgA titres were observed in December. 
However, IgA titres in both groups of does fluctuated throughout the study period. In general, IgA 
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titres in does was significantly higher (P>0.05) in warmer months compared to the cooler month 
(Figure 6.3.7.2 (i). No significant different (P>0.05) were observed on IgA titres towards the end of 
the experiment, compared to the beginning. 
 
Figure 6.3.7.2 (i). Means IgA Log10 ELI SA in the serum of Boer does either supplemented (SupD) 
or un-supplemented (NSupD) with protein during the last four weeks of their pregnancy.  
 
In kids, the comparisons of IgA titres were made between sexes within the same doe group as well 
as the same sexes between the doe group. In this study, the results of IgA titres analysis showed the 
female kids have significantly higher (P<0.05) IgA levels in their serum compared to the male kids. 
This situation was observed in both kid groups regardless of protein supplementation in their does. 
Moreover, the female kids from protein supplemented does were generally demonstrating higher 
IgA titres and had significantly (P<0.05) higher levels in January and February compared to the 
female kids from the un-supplemented doe groups. Female kids from the supplemented group of 
does also exhibited earlier IgA titres in their serum as demonstrated in the first serum samples 
which were taken in October. During this month, both the male kid groups as well as the female kid 
groups from the un-supplemented group of does had no measurable IgA in their serum samples 
(Figure 6.3.7.2 (ii). 
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Figure 6.3.7.2 (ii) (a)      Figure 6.3.7.2 (ii) (b) 
 
Figure 6.3.7.2 (ii). Means of IgA log10 ELISA titres in male and female kids aged 2 to 10 months 
from Boer does either supplemented (SDK) (a) or un-supplemented (b) with protein during the last 
four weeks of their pregnancy.  
 
6.3.7.3. Immunoglobulin M (IgM) 
 
No significant differences (P>0.05) were observed in IgM levels between the supplemented 
and the un-supplemented groups of does, except in June where the supplemented group of does had 
significantly (P<0.05) higher IgM levels than the un-supplemented does. IgM concentrations 
remained consistently high in the blood of both groups of does as shown in Figure 6.3.7.3 (i).  
 
In kids, IgM antibody titres were significant (P<0.05) higher in female kids, compared to the male 
kids in both groups of does. For example, female kids from supplemented does had IgM titres 
significantly higher in November, December and May compared to their counterparts. Similar 
results were observed in the female kids from the un-supplemented group of does, where they had 
significantly (P<0.05) higher IgM titres in January, April, May and June.  However, IgM titres were 
fluctuated in both sexes and kids’ groups throughout the study period (Figure 6.3.7.3 (ii) (a) & (b). 
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Figure 6.3.7.3 (i). Means IgM log10 ELISA titres in the serum of Boer does either supplemented 
(SupD) or un-supplemented (NSupD) with protein during the last four weeks of their pregnancy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.3.7.3 (ii) (a)      Figure 6.3.7.3 (ii) (b) 
Figure 6.3.7.3 (ii). Means of IgM log10 ELISA titres in male and female kids aged 2 to 10 months 
from Boer does either supplemented (a) or un-supplemented (b) with protein during the last four 
weeks of their pregnancy.  
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6.3.8. Correlations between parasite-associated parameters 
 
The correlations between parasite-associated parameters measured during the study are 
presented in Tables 6.3.8.1 and 2 for does and their kids aged between 2 to 10 months, 
respectively (Appendix B). The results of simple linear regression analyses that examined the 
relationships between FEC and parasite-associated parameters, are shown in Table 6.3.8.3 for 
does and Table 6.3.8.4 for kids aged between 2 to 10 months. The data for correlations and 
regressions of 19 parameters measured in male and female kids in each group were combined as 
there were too few male kids (only 2 male each) to be analysed separately. The levels of 
correlations between parameters were categorised as high (r ≥ 0.68), moderate (r ≥ 0.36) and 
low (r ≤ 0.35) (Taylor 1990). No correlations between parameters were considered when the 
correlation coefficient value, r was less than or equal to 0.10. 
 
In does, both protein supplemented and un-supplemented groups showed their live weight was 
positively and significantly (P<0.05) correlated with FAMACHA but the correlations were 
weak. Live weight was negatively correlated with FEC but only significantly (P<0.05) in the 
un-supplemented group of does. Furthermore, live weight was weakly positively and 
significantly correlated with IgG, WBC, neutrophils and RDW. Weak positive correlations were 
also observed between live weight and PCV and MCH in the protein supplemented group of 
does, but the significant (P<0.05) correlation was only with MCH.  
 
FAMACHA
©
 score was positively, significantly (P<0.05) and moderately correlated with FEC 
in both does groups. Furthermore, FAMACHA
©
 scores were significantly (P<0.05) and 
negatively correlated with PCV, Hb, MCHC, RBC and RDW at moderate levels in both group 
of does, except MCHC that had a slightly weak correlation with the un-supplemented group of 
does. There were no clear correlation between FAMACHA
©
 scores and eosinophil counts as 
both groups of does had opposite trends at the weak level (negative in the protein supplemented 
and positive in the un-supplemented group), although the correlations were significant (P<0.05). 
 
Negative, moderate and significant (P<0.05) correlations were observed between FEC and 
PCV, Hb, MCHC and RBC in the protein supplemented group of does. FEC in this group of 
does also showed a negative and significant (P<0.05) correlation at the weak level with IgM and 
MCH. Does in the un-supplemented group had a negative, significant (P<0.05) and weak 
correlations between FEC and lymphocytes, RBC, neutrophil, MCH and RDW.  
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WBC had positive, significant (P<0.05) correlations with neutrophils. Lymphocytes were 
negatively, weakly significantly (P<0.05) correlated with IgG in the protein supplemented does. 
Both doe groups had a positive, significant (P<0.01) and moderate correlations between 
lymphocytes and WBC, and weak correlations with RDW. The un-supplemented group of does 
also had lymphocyte levels that were positively, significantly (P<0.01) and moderately 
correlated with MCH and RDW. Eosinophil levels in the protein supplemented group of does 
were positively and significantly correlated with MCHC, IgA, WBC, monocytes, basophils and 
RDW but the correlations were weak, except for WBC where their correlation was moderate. In 
the un-supplemented group of does, eosinophils had weak, positive and significant (P<0.05) 
correlations with IgA and RDW. In the un-supplemented group of does group neutrophils had 
positive, moderate and significant (P<0.01) correlations with monocytes and basophils. 
Monocytes had positive, weak and significant (P<0.01) correlations with basophils in the 
protein supplemented does group.  
 
For both does groups PCV was positively, significantly (P<0.01) and highly correlated with Hb 
and RBC. PCV was also positively, weakly and significantly (P<0.01) correlated with MCH 
and RDW. Furthermore, PCV was positively correlated with lymphocytes and IgM in the 
protein supplemented group of does but the correlations were weak and not significant 
(P>0.05). However, in the un-supplemented group of does, PCV was positively, moderately 
significantly (P<0.01) correlated with lymphocytes. In the un-supplemented group of PCV was 
positively and significantly (P<0.01) correlated with WBC but only weakly. Hb was positively, 
significantly (P<0.01) and highly correlated with MCHC and RBC. Hb was also positively and 
significantly (P<0.01) correlated, at a moderate level, with lymphocytes, MCH and RDW, and 
at a weak level with IgM. In both group of does Hb was negatively and significantly (P<0.01) 
correlated with neutrophils but only weakly. Hb was positively, weakly significantly (P<0.01) 
correlated with WBC but only in the un-supplemented group of does. MCV was negatively, 
significantly (P<0.01) and highly correlated with MCHC, and moderately correlated with RBC. 
Negative, significant (P<0.01) and moderate correlations of MCV with lymphocytes, IgM and 
RDW were observed in the protein supplemented group of does. In contrast, MCV was 
negatively, weakly and not significantly (P>0.05) correlated with lymphocytes and negative and 
significantly (P<0.01) correlated with RDW but also only weakly. MCV was also had positive, 
significant (P<0.01) and moderate correlations with neutrophils and MCH in both group of 
does. Finally, both group of does had positive and significant (P<0.01) correlations at moderate 
levels between MCH and RDW.  
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In the immunoglobulins, IgG was positively and significantly (P<0.05) correlated with IgA but 
only weakly. In contrast, IgG was negatively and significantly (P<0.05) correlated with MCH 
also only weakly. IgM was negatively and significantly (P<0.05) correlated with WBC and 
positively and significantly (P<0.05) correlated with monocytes and RDW but both correlations 
were weak. All of these correlations were only observed in the protein supplemented group of 
does.  
 
In kids, their live weights were negatively, significantly (P<0.05) and moderately correlated 
with FAMACHA
©
 in both groups. Negative and significant (P<0.01) correlations were also 
observed between live weight and MCHC at weak and moderate levels in the protein 
supplemented does’ kids (SDK) and un-supplemented does’ kids (NDK), respectively. Further 
negative, significant (P<0.05) and weak correlations of live weight was observed with RBC in 
kids of un-supplemented does. Live weight had positive, weak, significant (P<0.05) correlations 
with eosinophils, IgG, IgM and basophils in kids from protein supplemented does. In un-
supplemented does, their kids’ live weights were positively and significantly (P<0.01) 
correlated moderately with MCV and weakly with FEC.  
 
In kids FAMACHA
©
 scores were positively, significantly (P<0.01) and moderately correlated 
with FEC. Negative and significant (P<0.01) correlations were observed between FAMACHA
©
 
scores and PCV at a moderate level in the SDK and at a weak level in NDK. The FAMACHA
©
 
scores were also negatively and significantly (P<0.01) correlated with Hb, MCH and RDW at 
moderate levels and at weak levels with MCHC and RBC, as seen in SDK. 
 
Faecal egg counts were negatively, significantly (P<0.01) and moderately correlated with Hb, 
MCHC and RBC in SDK. FEC also had a negative and significant (P<0.01) correlation with 
MCH at weak levels in SDK, but in NDK the correlation of FEC with MCHC was high, and 
moderate with RBC and MCH. Significant (P<0.05) and positive correlations were observed 
between FEC and monocytes (SDK only) and basophils (SDK and NDK) at weak levels, and 
there was a moderate correlation with MCV (SDK). In NDK, FEC was positively, significantly 
(P<0.01) and highly correlated with MCV. 
 
In kids, WBC was positive, significant (P<0.01) and highly (SDK) and moderately (NDK) 
correlated with neutrophils. WBC was also positively and significantly (P<0.01) and 
moderately correlated with basophils (SDK and NDK) and MCH (SDK). In NDK, the WBC 
correlation with MCH was positive and significant (P<0.05) but at a weak level. Lymphocytes 
were positively, significantly (P<0.01) and highly correlated with WBC (SDK and NDK). 
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There were positive and significant (P<0.01) correlations of lymphocytes with MCH and 
neutrophils but at moderate levels and this was only observed in the SDK. Eosinophils were 
positively and significantly (P<0.05) correlated with IgG but at weak levels and this was only 
observed in SDK. In NDK, eosinophils were positively and significantly (P<0.01) correlated at 
moderate levels with WBC and basophils. Finally neutrophils were positively and significantly 
(P<0.05) correlated with monocytes (SDK) and MCH (SDK and NDK). 
 
PCV was positively, significantly (P<0.01) and highly correlated with Hb (SDK and NDK) and 
RBC (SDK). In NDK, PCV was positively and significantly (P<0.01) correlated with RBC but 
at a moderate level. Further positive, significant (P<0.01) and moderate correlations were 
observed between PCV and MCH (SDK and NDK), and it was also highly correlated with 
RDW in NDK and had a moderate correlation in SDK. PCV was also positively and 
significantly (P<0.01) correlated at a moderate level with lymphocytes (NDK) and at a weak 
level with lymphocytes and WBC in SDK. Hb was positively, significantly (P<0.01) and highly 
correlated with MCV (moderate in NDK), MCHC, RBC and MCH (SDK and NDK) and 
moderately correlated with RDW (SDK and NDK). Hb also positively and significantly 
(P<0.01) correlated with lymphocytes and WBC but at a moderate level (SDK and NDK). MCV 
was negatively, significantly (P<0.01) and highly correlated with MCHC and RBC (SDK and 
NDK). MCV was also positively and significantly (P<0.01) correlated with MCH at a moderate 
level (SDK). MCHC was positively, significantly (P<0.01) and highly correlated with RBC and 
MCH (SDK and NDK), and moderately correlated with IgG (SDK only). There were positive 
and significant (P<0.05) correlations of MCHC observed with lymphocytes, WBC and RDW at 
weak levels and only in SDK. RBC was positively and significantly (P<0.01) correlated with 
MCH and RDW at moderate levels in SDK and NDK and at a weak level with lymphocytes in 
NDK. Finally, MCH was positively and significantly (P<0.01) correlated with RDW at a 
moderate level (SDK and NDK). Only IgG had positive and significant (P<0.05) correlations 
with MCH, but it was weak and only shown in NDK.   
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Table 6.3.8.1. Correlations between live weight (BWt), FAMACHA
©
 score (FAM), faecal egg count (FEC), packed cell volume (PCV), eosinophils 
(Eosin), haemoglobin (Hb), lymphocytes (Lymp) and specific immunoglobulins (IgG, IgA, IgM) of protein supplemented (below the diagonal) and un-
supplemented Boer does (above the diagonal) naturally challenged by H. contortus. 
 
Par BWt FAM FEC PCV Eosin Hb Lymp IgG IgA IgM 
BWt - -0.32** -0.25 0.10 0.01 0.05 -0.19 -0.27** -0.03 0.10 
FAM    -0.28** -  0.42** -0.46** -0.21** -0.49** -0.41** -0.06 -0.15 0.10 
FEC -0.21 0.40** - -0.49** -0.06 -0.54** -0.30** -0.07 -0.09 0.00 
PCV 0.18 -0.34** -0.46** - 0.09 0.75** 0.32** -0.09 0.17 -0.12 
Eosin 0.05 -0.23* -0.08 0.08 - 0.11 0.06 -0.01 0.29** -0.02 
Hb 0.07 -0.50** -0.49** 0.87** 0.13 - 0.50** 0.00 0.10 -0.18 
Lymp -0.06 -0.22* -0.07 0.18 0.11 0.33** - -0.13 0.11 -0.07 
IgG -0.21* 0.06 -0.12 -0.14 0.10 -0.15 -0.22* - -0.03 0.00 
IgA -0.20 -0.12 -0.10 -0.10 0.27** -0.11 -0.11 0.23** - 0.13 
IgM 0.13 -0.09 -0.19* 0.18 0.08 0.23* 0.03 -0.01 0.16 - 
*P<0.05, **P<0.01 
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Table 6.3.8.2. Correlations between live weight (BWt), FAMACHA
©
 scores (FAM), faecal egg count (FEC), packed cell volume (PCV), eosinophils 
(Eosin), haemoglobin (Hb), lymphocytes (Lymp) and specific immunoglobulins (IgG,IgA, IgM) of Boer goats kids born from protein supplemented 
(below the diagonal) and un-supplementated (above the diagonal) dams naturally challenged by H. contortus. 
 
Par BWt FAM FEC PCV Eosin Hb Lymp IgG IgA IgM 
BWt - -0.51** 0.24** 0.05 0.19* -0.23 0.05 -0.08 -0.03 0.23** 
FAM -0.29* - 0.36** -0.27** -0.12 -0.24 -0.17 -0.13 0.15 -0.19 
FEC 0.07 0.31** - -0.06 0.19 -0.56** -0.01 -0.16 -0.09 -0.06 
PCV 0.07 -0.47** -0.12 - -0.05 0.65** 0.35** -0.13 -0.07 0.09 
Eosin 0.30** -0.10 -0.01 0.00 - -0.09 0.11 -0.04 -0.07 0.20 
Hb -0.05 -0.37** -0.39** 0.71** -0.08 - 0.23 0.18 0.14 0.03 
Lymp -0.05 -0.04 -0.06 0.31** -0.05 0.30** - 0.04 -0.08 0.04 
IgG 0.11* -0.08 -0.10 0.03 0.19* 0.13 -0.02 - -0.03 -0.03 
IgA -0.06 0.06 -0.03 -0.02 -0.03 0.02 0.05 -0.01 - -0.05 
IgM 0.12* -0.11 -0.11 0.11 0.07 0.15 -0.02 0.10 0.08 - 
*P<0.05, **P<0.01 
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6.4.  Discussion 
 
 6.4.1. The proportion of Haemonchus contortus present in the larval culture   
 
The proportion of H. contortus as indicated by the presence of their eggs in the faecal 
samples from animals in this study was very high throughout the study period (68 to 99%). As the 
temperature over the study period ranged from 14.6 to 24.6
o
C with an average monthly rainfall of 
72.1 mm, these environmental conditions probably favoured the development of L3 throughout 
spring, summer, autumn and winter. This result is in agreement with Gadahi et al. (2009), who 
reported warm and humid climates with optimal temperatures between 10 to 26.6
o
C and rainfall of 
at least 50 mm caused a severe outbreak of Haemonchosis in sheep and goats in Pakistan. 
 
6.4.2.  Live weight 
 
The does live weight in the two groups were not significantly (P<0.05) different throughout 
the study and therefore, protein supplementation at 1% of their body weight during late pregnancy 
(4 weeks before kidding) had no significant effects on the live weight of the supplemented does. 
Their live weight gain of the kids in this experiment was fairly good although they were constantly 
facing natural challenges from H. contortus. Despite a strong and continuous challenge from the 
nematode, which sometimes lead to a depression of body weight gain in both male and female kids 
in both groups, the nematode however failed to completely suppress the body weight gain as 
reported by Chiejina et al. (2002) and Pralomkarn et al. (1997). The protein supplementation to the 
does at 1% body weight with lucerne pellets during late pregnancy did not influence the birth 
weight of the kids. This was shown by the mean birth weights of male and female kids from protein 
supplemented and un-supplemented does which was not significantly different.  
 
6.4.3.  Faecal egg counts (FEC) 
 
Both groups of does had higher FEC in spring (August to October) when the does had just 
kidded. This could be related to the spring rise when this parasite is more prevalent, or where the 
worm is an opportunist in the periparturient relaxation of immunity of the does, a condition where 
animals loose (some of) their acquired immunity to parasites during late pregnancy through to early 
lactation (Houdjik 2008; Zaralis et al. 2009). The reason behind the fluctuating FEC in both does 
and kids during the study could be due to animals being drenched each time their FEC exceeded 
1,000 epg at their monthly sampling. The kids started shedding parasitic nematode eggs when they 
were 3 month old as indicated by FEC analyses at this age. The results showed that they were 
infected by nematodes when they were less than 3 months old.  
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6.4.4. FAMACHA
© 
scores 
 
FAMACHA
©
 scores were high during spring and higher scores throughout summer 
especially in the does that were not supplemented with protein. The protein supplemented does had 
better FAMACHA
©
 scores than the un-supplemented group although they both had similar trends 
for the FAMACHA
©
 scores. However, the lower FAMACHA
©
 scores of the protein supplemented 
group were not significantly different from the un-supplemented group which indicates that the 
protein supplementation to does at 1% of their body weight during pregnancy did not give them 
protection against H. contortus infection. 
 
In kids, the FAMACHA
©
 scores in October indicated that animals were already loosing blood, also 
indicated by their PCV values, although no nematode eggs were found in their faeces during this 
month. This could be due to the blood loss by infective larval H. contortus, which had yet to reach 
their egg laying or adult stage. There were no significant differences (P>0.05) in monthly 
comparisons of FAMACHA
©
 scores within each group of kids except in male kids from the protein 
supplemented does. This indicated that the protein supplementation to the does during late 
pregnancy did not give any consistent protection effects to the kids against H. contortus infection.     
 
6.4.5. Leukocytes 
 
The overall WBC, neutrophil, lymphocytes, monocytes and eosinophil counts showed no 
significant difference between protein supplemented and un-supplemented groups of does 
indicating that the level of protein supplementation given to does in late pregnancy did not have 
significant effects on their immunity pre- and post-parturition. The only significant difference 
observed in this study involving leukocytes from the does was that the protein supplemented group 
of does showed significantly higher basophil counts than the un-supplemented group. 
 
In kids, the only obvious finding in this study was that lymphocyte counts were higher in the 
warmer months which coincides with higher natural H. contortus burden, compared to the cooler 
months. This could be related to the higher immune response during the higher haemonchosis 
period in the warmer months. From this study, it can be concluded that protein supplementation of 
does for the last 4 weeks of their pregnancy has no clear impact on the leukocyte response of their 
offspring against haemonchosis.   
 
6.4.6. Erythrocytes 
 
A lack of significant differences was observed in the erythrocyte counts between protein 
supplemented does and the un-supplemented does. Although the values of RBC, Hb, MCH, MCHC 
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and RDW were higher in the protein supplemented does at the end of the experiment, the values 
were not significantly different from the un-supplemented does. The same erythrocytes responses 
were seen in their kids where generally no significant differences were observed between male and 
female kids from both groups of does. However, generally female kids demonstrated slightly higher 
erythrocyte counts compared to male kids regardless of their does groups. Therefore, this 
experiment has no strong evidence that protein supplementation at 1% live weight for 4 weeks of 
late pregnancy in Boer does can increase their immunity against H. contortus infection. 
Furthermore, there was a lack of evidence that the protein supplemented does passed any increased 
immunity against H. contortus onto their kids. 
 
6.4.7.  Immunoglobulins G, A and M 
 
The protein supplemented does had slightly higher IgG concentrations in almost all the 
months of the experiment although a lack of significant differences were observed. This indicates 
that protein supplementation of does during their final four weeks of pregnancy has an impact on 
their IgG related immunity against natural challenges by H. contortus. Based on their IgG 
concentrations, there was a lack of evidence that kids from protein supplemented does had greater 
immunity against natural H. contortus infection than the kids from un- supplemented does as 
indicated by McPherson et al. (2012). However, my study showed that female kids are more 
resistant than male kids based on IgG concentrations in their serum regardless of supplementation 
of their does. Furthermore, the female kids produced earlier IgG in their serum (at 2 months old) as 
compared to male kids (at 3 months old) from both groups of does. 
 
The results of the study also indicated that protein supplementation in the last four weeks of 
pregnancy has the effect of increasing IgA concentrations in H. contortus infected Boer does. This 
result supports the finding by Rocha et al. (2011) that IgA production in ewes was influenced by 
nutrition. The results also indicated that female kids had higher IgA concentrations in their serum 
compared to male kids and this supports the results in Chapter 5 that female kids are more resistant 
than male kids against natural challenges by H. contortus. 
 
IgM concentrations remained high in the serum of both groups of does and their kids compared to 
the concentrations of IgG and IgA. This might be because IgM was not being used by the animals 
as previous studies have shown that IgM plays an unclear role in animals infected by H. contortus 
although the levels increased following infection by L3 (Schallig et al. 1995). The same authors 
also reported that the levels of IgM antibody could increases in the serum of non-infected animals 
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due to cross-reaction or non-specific antibodies in the serum samples. They remained high in the 
blood due to their slow reduction, which reportedly took about 6 to 12 months (Pritchard 2001).  
 
6.4.8.  Correlation of the parasite-associated parameters 
 
The positive correlations between live weight and eosinophils in this study may indicate 
resistance of animals to H. contortus infection, in agreement with Bolormaa et al. (2010) and 
Olayemi et al. (2011). However, this correlation between FEC and eosinophils was only observed 
in kids regardless of their does and no such correlation was found in the does. The negative 
correlation between live weight and IgG was seen in does groups but not in the kids. This could be 
due to active usage of IgG in order to mount an effective immune response against H. contortus, 
whereby older animals would be more resistance than younger animals. On the other hand, younger 
animals are more susceptible than older animals, to nematode infection, as they haven’t fully 
developed their immunity against the challenge. Live weight was also observed positively 
correlated with IgM in both does and kids groups.   
 
FAMACHA
©
 score was significantly correlated with PCV in agreement with Kaplan et al. (2004), 
who reported that PCV was highly and significantly correlated with eye membrane scores for both 
sheep and goats. The coloration of the conjunctive ocular membrane measured using FAMACHA
©
 
scores was reported to reflect the value of the haematocrit in this study and is in agreement with 
Gustavo et al. (2010). FEC values for goats in this study increased following the increase of 
FAMACHA
©
 scores which is in agreement with Vilela et al. (2012).    
 
FEC were significantly and negatively correlated with PCV in both groups of does in agreement 
with Chiejina et al. (2002), Fakae et al. (2004) and Yacob et al. (2008). In kids, despite no 
significant correlation with PCV, although the correlation was also negative, FEC had weak to 
moderate and significant negative correlations with Hb, MCHC, RBC and MCH in kids. The FEC 
also has no significant correlations with IgG, IgA and IgM. In this study, FEC might not represent 
the actual worm burden at the time of sampling due to the occasional drenching conducted on 
selected animals with more than 1,000 epg in the previous month.  
 
The correlation coefficients between FEC and eosinophils were low and negative in both does and 
kids (except in kids from the unsupplemented does, which was positive) indicating a small role of 
eosinophils in resistance to H. contortus. This finding is supported by a study that reported low and 
negative correlations between worm burden and eosinophils in sheep naturally infected by H. 
contortus (Amarante et al. 1999). In contrast another study reported no apparent correlation 
between eosinophils and worm burdens in sheep (Gill et al. 1991). 
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There were no clear correlation between PCV and MCHC as both kid and doe groups gave positive 
correlations but these were only significant in the protein supplemented does. However, MCV had a 
clear correlation with MCHC where the correlation was strongly negative and significant in both 
kid and doe groups. PCV was also strongly correlated with Hb and moderately correlated with 
lymphocytes.  
 
6.5.  Summary 
 
This experiment has investigated and discussed the indicators of H. contortus infection and 
immune parameters in Boer does supplemented with protein at 1% of their live weight during their 
last four weeks of pregnancy and also the development of immunity in their kids aged from 2 to 10 
months against natural challenges by H. contortus. The results of this study support the first 
hypothesis tested that protein supplementation on grazing Boer does during late pregnancy would 
result in an improvement of their immune system and performance against H. contortus. The result 
indicate that Boer does supplemented with protein at 1% of their live weight during their last four 
weeks of pregnancy produced more IgG and IgA antibodies in their serum. Production of these 
immunoglobulins, which play a role in their immune response, could be associated with their 
resistance against natural infection by H. contortus as reported by Smith and Christie (1978).  
 
The second hypothesis that protein supplementation of does during late pregnancy would results in 
improvement of the development of immunity in their kids, after weaning, was not fulfilled. The 
results shows lack of evidence that the kids from protein supplemented does had higher immunity 
against naturally infected H. contortus than kids from un-supplemented does as there was no 
significant differences in immunoglobulin production between the two group of kids.  
 
This study indicated again that female kids of Boer goats were more resistant and had greater 
resilience than male kids. This was confirmed through the higher IgG and IgA production in female 
kids compared to male kids from both doe groups. Furthermore, female kids generally 
demonstrated higher erythrocyte counts than male kids although they were experiencing the same 
natural challenge by H. contortus throughout the study period. 
 
However, in this study pastures were not sampled to determine the real burden of H. contortus L3 
in the field during the study. Neither does nor kids from the experimental animals were sacrificed to 
determine their actual abomasal worm count. Therefore, this study could not completely confirm 
the real worm burden the animals were experiencing during the study period. Some of the animals 
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were drenched occasionally during the study period, which may have lead to the FEC fluctuations 
and the different trends between FEC and the haematocrit results.  
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CHAPTER 7 
 
Haemonchus contortus specific antibodies in Boer goat weaners passively transferred via 
colostrum and milk. 
 
7.1. Introduction 
 
Transfer of immunoglobulins in ruminants from the dam to their fetus, is impeded by the 
placenta (Arguello et al. 2004a; 2005). Therefore, consumption of colostrum plays a fundamental 
role in the acquisition of passive immunity by the progeny of ruminant animals (Lascelles 1979; 
Stelwagen et al. 2009). In goats, it is essential for newborn kids to consume colostrum during the 
first hours after birth for the acquisition of immunoglobulins (Moretti et al. 2012) as they are 
agammaglobulinemic at birth (Constant et al. 1994; Arguello et al. 2004a). Colostrum intake soon 
after birth is crucial as the absorption efficiency of colostrum decreases when ingestion of their first 
colostrum is delayed (Bush & Staley 1980). The concentration of immunoglobulins in colostrum 
and the permeability in the neonatal gut rapidly and progressively decreases over the first 48 hours 
after birth (Bush & Staley 1980) despite their ability to allow unrestricted passage of the large 
immunoglobulin molecules (Stelwagen et al. 2009). The duration of the capacity of neonatal to 
absorb antibodies from their gut is limited to 24 to 36 hours (Brambell 1958). 
 
Colostrum provides kids their principal IgG source during their first month of life (Vihan 1988; 
Keskin et al. 2007). The concentration of IgG was reported double in healthy kids at 24 hours of life 
as compared to kids that died during their first week of life (Arguello et al. 2004b). The IgG 
concentrations in goat kids’ blood plasma were affected by postpartum time. A study on the effect 
of colostrum immunoglobulin concentration on immunity in Majorera goat kids for the first 5 days 
of life showed IgG concentrations on day 0 were less than those obtained at day 1, 2, 3, 4, and 5 
(Rodriguez et al. 2009). The concentration of total IgG in colostrum was found to be higher in 
primiparus goats than multiparus goats (Ha et al. 1986). Goats’ from a litter size of 1 to 2 kids had 
significantly higher IgG concentrations in the blood (18.30 ± 5.40 mg/mL) compared to goats from 
a litter size of 3 kids (9.85 ± 4.23 mg/mL) (Csapo et al. 1994). In contrast, Chen et al. (1999) 
observed lower concentrations of IgG in the blood of single-born kids than for twins. 
 
IgG concentrations in the blood of kids was not affected by their gender and suckling duration 
(O'Brien & Sherman 1993; Csapo et al. 1994; Chen et al. 1999). However, kids from litters of 3 
may need special attention as they may be born with lower body weight (Csapo et al. 1994). Their 
birth weight has no significant effects on IgG blood serum concentrations in kids (Castro et al. 
2007). However, they also reported that there was a tendency for IgG concentrations to increase 
when the birth weight of kids was between 2.5 and 3.2 kg. The most important factor determining 
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the concentration of IgG in the serum of a newborn is the amount of total IgG ingested per unit of 
body weight soon after birth (Bush & Staley 1980). The value of immunoglobulin in kids was 
positively correlated with the immunoglobulin value of their dams, although the values for twins 
and triplets were lower than for singles kids (Rabbani et al. 1990). In the blood of newborn calves, 
the maximum concentration of IgG occurred earlier than IgM or IgA. This could be due to the 
differences in their molecular weight, as IgG is much lighter than IgA and IgM. 
 
Immunoglobulin A was undetectable in the plasma of goat kids at birth, and following colostrum 
feeding the IgA plasma concentrations in kids are affected by postpartum time where there is a 
subsequent decrease in the IgA concentrations after an initial increase at day 0 and 1 (Rodriguez et 
al. 2009). 
 
Rodriguez et al. (2009) reported the IgM concentration in plasma of neonatal kids were 1.49 
mg/mL at birth. In calves, low IgM concentrations in the plasma were reported by Logan et al. 
(1972). The efficiency of IgM absorption in calves decreased as intake increased, so that the 
ingestion of a larger amount of IgM does not increase the absolute amount absorbed (Bush & Staley 
1980). In addition, IgM appears to be absorbed more slowly than IgG and IgA (Stott et al. 1979). 
IgM antibodies remain in the blood for at least five days despite its low concentration in the plasma 
of animals during their first day of life (Rodriguez et al. 2009). 
 
Most studies on immunoglobulin content in colostrum, milk and their absorption into the blood 
have been conducted in calves. In goats, there are only a few studies on colostrum and milk in 
relation to their immunoglobulin content and then their absorption by kids. To date, there have been 
no studies on colostrum and milk immunoglobulins in relation to the serum immunoglobulins in 
postpartum full blood Boer goats. Therefore, the purpose of this study is to evaluate 
immunoglobulins in colostrum, milk and serum of postpartum does and their kids.  An additional 
goal of this study is to determine whether protein supplementation during late pregnancy was 
associated with changes in the colostrum, milk and serum immunoglobulin concentrations in dams. 
The hypothesis tested in this chapter was that protein supplementation of dams during pregnancy 
would enhance their immunoglobulin contents in the colostrum, milk and serum. A second 
hypothesis tested was that the immunoglobulin content in their colostrum and milk reflect the 
immunoglobulin content in the serum of these postpartum dams. The third hypothesis tested was 
that the immunoglobulin content in kids’ serum was proportionate to their dams’ milk 
immunoglobulin content.  The last hypothesis was that the FEC is the indicator of H. contortus 
burden that is positively correlated with the immunoglobulin content in dams’ colostrum, milk and 
serum. The objectives of this study were to: (1) determine the levels of IgG, IgA and IgM specific 
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for H. contortus in the colostrum, milk and serum of postpartum grazing dams that were protein 
supplemented and un-supplemented during late pregnancy, (2) to determine the levels of IgG, IgA 
and IgM specific for H. contortus in the plasma of kids several times before weaning, and (3) to 
compare the FEC of dams and kids in relation to parasite specific IgG, IgA and IgM contents in the 
colostrum and milk of dams, and serum of dams and kids. 
 
7.2.  Materials and methods 
 
 The details of the materials and methods for this experiment were described in Chapter 4. In 
brief, 2 groups of multiple age dams with their kids, i.e 53 dams with 77 kids (44 female and 33 
males) at Yarrabee Boer Goat Stud and 24 dams (equal number of protein supplemented and un-
supplemented) with 13 kids from protein supplemented does (SupD) and 7 kids from un-
supplemented does (NSupD)) at The University of Queensland Gatton Campus farm were used in 
this study.  
 
Four series of milk collections were conducted; the first samples were conducted 12 hours after 
parturition, the second samples were collected one month postpartum, the third samples were 
collected 2 months postpartum, and the last samples was collected immediately before kids were 
weaned at 3 months of age. Blood samples for serum were drawn via jugular venipuncture from the 
kids and FEC determined from fresh faeces per rectum and they were collected from kids at 2 
month of age and immediately before weaning. The faeces samples and blood for serum samples 
collected at 2 months and onwards were conducted at the same time the milk sampling of the does 
were conducted. Live weight and FAMACHA scores were also recorded for the does and kids at 
the same time. 
 
Initial milk samples were by manual milking, rejecting the first jets of fluid from the teats. The 
subsequence milk samples were collected at one month and 2 months post parturition. Samples 
were collected in a labelled and screwed cap 5 ml plastic tube, and then kept in the refrigerator at -
20
o
C until analysed. 
 
Milk fat was separated from the does’ milk samples before the ELISA was conducted to determine 
their IgG, IgA and IgM content. The 5 ml milk samples was taken out from the -20
o
C refrigerator 
and left at room temperature for 30 minutes. Once thawed they were then centrifuged at 5,000 rpm 
for 10 minutes at 24oC to separate the fat layer from the whole milk. One millimetre of liquid was 
then pipetted out using a 2 ml plastic pipette from just under the fat layer of the sample. The 
collected liquid were put into a labelled 1 ml plastic vial and stored at -20oC until tested using 
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ELISA for H. contortus specific IgG, IgA and IgM. Faecal egg counts were determined using the 
modified McMaster technique. 
 
Data was analysed by the IBM SPSS Statistics 20 (IBM SPSS Statistics for Windows, Version 20). 
Repeated measure analysis of variance (SAS proc mixed) was used to compare the parameters 
including the ELISA titres of each immunoglobulin over each sampling time point.  
 
7.3. Results 
 
The study at UQ farm and Yarrabee Boer Goat Studwere conducted from August to 
December 2012. Worm burdens were calculated from larval cultures and the results are as stated in 
Chapters 6 and 5, respectively. 
 
 7.3.1.  Quantity of IgG, IgA and IgM in colostrum and milk of does at UQ Farm 
 
The least square means of ELISA titres for immunoglobulins (IgG, IgA and IgM) in 
colostrum and milk, and FEC of grazing Boer does that were supplemented with protein during the 
last 4 weeks of their pregnancy compared to the un-supplemented Boer does is shown in Figure 
7.3.1 (a, b & c) and Tables 7.3.1 & 2 (Appendix C).  
 
The results of the study showed that the IgG content of colostrum and milk at 1, 2 and 3 months 
postpartum (PP) were slightly higher in the protein supplemented compared to the un-supplemented 
does. However, a significant difference (P<0.05) was only detected in IgG at 3 months PP where 
the protein supplemented had a higher value than the un-supplemented does. At the end of the study 
period, IgG was significantly increased (P<0.05) in both does groups (Figure 7.3.1 (i); (Table 7.3.2, 
Appendix C). 
 
The least square means of IgA in colostrum and milk at 1 month PP were not significantly different 
(P>0.05) in both does groups. However, no IgA was detected in the colostrum of SupD. However, 
the results at 2 and 3 months PP showed the IgA in milk of protein supplemented was significantly 
higher (P<0.05) than the the un-supplemented does, although the value was slightly lower at 1 
month PP compared to the the un-supplemented does. Furthermore, IgA in the protein 
supplemented showed an ascending trend opposite to the un-supplemented does throughout the 
study period (Figure 7.3.1 (ii); Table 7.3.2, Appendix C). 
 
The IgM titres in colostrum and milk of both protein supplemented and un-supplemented does were 
not significantly different (P>0.05) throughout the study period. IgM titres showed a decreasing 
trend in both does group (Figure 7.3.1 (iii); Table 7.3.2, Appendix C). 
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The results for FEC showed that the protein supplemented had a slightly lower count than the un-
supplemented does although this was not significantly different (P>0.05). FEC were significantly 
higher (P<0.05) in both does groups at kidding compared to 1 month PP and later. 
 
 
 
Figure 7.3.1 (i). Means of IgG ELISA titres in colostrum and milk from two groups of postpartum 
grazing Boer does that were either supplemented with protein (SupD) or un-supplemented (NSupD) 
during the last four weeks of their pregnancy. 
 
 
 
 
Figure 7.3.1 (ii). Means of IgA ELISA titres in colostrum and milk from two groups of postpartum 
grazing Boer does that were either supplemented with protein (SupD) or un-supplemented (NSupD) 
during the last four weeks of their pregnancy. 
 
 
 
Figure 7.3.1. (iii). Means of IgM ELISA titres in colostrum and milk from two groups of 
postpartum grazing Boer does that were either supplemented with protein (SupD) or un-
supplemented (NSupD) during the last four weeks of their pregnancy. 
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7.3.2.  H. contortus specific IgG, IgA and IgM levels in serum of does at UQ Farm 
 
The least square means of ELISA titres of immunoglobulins (IgG, IgA and IgM) in 
colostrum and milk, and FEC of grazing Boer does that were supplemented with protein during the 
last four weeks of their pregnancy compared to the un-supplemented Boer does, is shown in Figure 
7.3.2 (a, b & c) and Tables 7.3.3 and 4 (Appendix C).  
 
The IgG titre in the protein supplemented does had an increasing trend and was significantly higher 
(P<0.05) until the end of the experiment, whereas levels in the un-supplemented does remained low 
from 12 hours to 2 months PP before it increased significantly (P<0.05) at 3 months PP. In both doe 
groups, the IgA titres were also significantly higher (P<0.05) at the end of the experiment, whilst 
the IgM titres were not significantly different (P>0.05).    
 
  
Figure 7.3.2 (i). Means of log10 IgG ELISA titres in the serum from two groups of postpartum 
grazing Boer does that were either supplemented with protein (SupD) or un-supplemented (NSupD) 
during the last four weeks of their pregnancy. 
 
 
 
 
Figure 7.3.2 (ii). Means of IgA ELISA titres in serum from two groups of postpartum grazing Boer 
does that were either supplemented with protein (SupD) or un-supplemented (NSupD) during the 
last four weeks of their pregnancy. 
 
0.1
1
10
100
1000
10000
100000
1000000
12 hrs PP 1 month PP 2 months PP 3 months PP
L
o
g
1
0
 E
L
IS
A
 t
it
re
s 
SupD
NSupD
0
50
100
150
200
250
300
12 hrs PP 1 month PP 2 months PP 3 months PP
E
L
IS
A
 t
it
re
s SupD
NSupD
127 
 
 
 
Figure 7.3.2 (iii). Means of IgM ELISA titres in serum from two groups of postpartum grazing Boer 
does that were either supplemented with protein (SupD) or un-supplemented (NSupD) during the 
last four weeks of their pregnancy. 
 
7.3.3.  Comparison of the quantity of IgG, IgA and IgM in colostrum, milk and serum of does 
at UQ Farm 
 
A comparison of least square means of IgG, IgA and IgM is shown in Figure 7.3.3 (i, ii & 
iii) (a), (b) & (c), respectively, for the protein supplemented and un-supplemented doe groups. 
Tables 7.3.5 and 6 in Appendix C has details of the titres of IgG, IgA and IgM in colostrum, milk 
and serum of protein supplemented and un-supplemented does, respectively.   
  
The results for IgG, IgA and IgM titres showed no significant difference (P>0.05) in colostrum, 
milk and serum of protein supplamented does until 3 months after kidding. IgG titres in serum was 
slightly higher in 1 and 2 months PP compared to milk (Figure 7.3.3 (i) (a)) whereas, IgG titres 
were significantly higher (P<0.05) in serum than milk at 3 months PP. IgA titres in milk were 
slightly higher than in serum except at 3 months PP, but were not significantly different (P>0.05) 
Figure 7.3.3 (ii) (a)). IgM titres were slightly higher in colostrum and milk than serum until 1 month 
PP, then increased in serum at 2 months PP and onwards but were not significantly different 
(P>0.05) from milk (Figure 7.3.3 (iii) (a)).  
 
In the un-supoplemented does, IgG titres in serum also were significantly higher (P<0.05) in serum 
at 3 months PP compared to milk (Figure 7.3.3 (i) (b)). IgA titres had similar results to IgG in this 
does group (Figure 7.3.3 (ii) (b)). In contrast, IgM titres were always slightly higher in serum 
compared to colostrum and milk although this was only significantly different at 12 hours and 2 
months PP (Figure 7.3.3 (iii) (a)).  
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Figure 7.3.3 (i) (a)      Figure 7.3.3 (i) (b) 
 
 
Figure 7.3.3 (i) (a)      Figure 7.3.3 (i) (b) 
 
Figure 7.3.3 (i). Means of log10 IgG ELISA titres in colostrum, milk and serum from two groups 
postpartum of grazing Boer does that were either supplemented with protein (SupD) or un-
supplemented (NSupD) during the last four weeks of their pregnancy. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3.3 (ii) (a)      Figure 7.3.3 (ii) (b) 
 
Figure 7.3.3 (ii). Means of IgA ELISA titres in colostrum, milk and serum from two groups 
postpartum of grazing Boer does that were either supplemented with protein (SupD) or un-
supplemented (NSupD) during the last four weeks of their pregnancy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3.3 (iii) (a)      Figure 7.3.3 (iii) (b) 
 
Figure 7.3.3 (iii). Means of IgM ELISA titres in colostrum, milk and serum from two groups of 
postpartum grazing Boer does that were either supplemented with protein (SupD) or un-
supplemented (NSupD) during the last four weeks of their pregnancy. 
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7.3.4.  Comparison of the quantity of IgG, IgA and IgM in colostrum and milk of does and 
serum of their respective kids at UQ Farm 
  
The least square means of IgG, IgA and IgM in kids of protein supplemented and un-
supplemented does is shown in Figure 7.3.4 (i, ii & iii), respectively. Tables 7.3.7 and 8 (Appendix 
C) has details of the titres of kids from protein supplemented and un-supplemented does, 
respectively. There were no blood samples taken from the kids at their birth. Therefore, the 
comparison of the levels of immunoglobulins in kids’ serum started with the 1st month PP of milk 
samples taken from their respective dams group.   
  
The result show that the protein supplemented does’ kids serum IgG titres were low and 
significantly lower (P<0.05) 2 months after their birth un-supplemented does’ kids. However, IgG 
titres in protein supplemented does’ kids serum increased at 3 months of age although they were not 
significantly different (P>0.05) from their dams’ IgG in milk at 3 months PP. IgA titres were also 
lower in kids serum compared to their dams and was significantly lower (P<0.05) when the kids 
were 2 months of age. At 3 months of age, the IgA titre in kids serum increased significantly higher 
(P<0.05) than their dams milk. IgM titres were significantly higher in kids serum from 2 months 
compared to 1 month of age when compared to the IgA titres in their dams’ milk.  
 
IgG titres in the serum of NDK were lower compared to their dams’ milk but not significantly 
different (P>0.05) at all ages tested. However, IgG titres were increasing over the study period. IgA 
titres were not detected in the serum of 1 to 2 months old kids. IgA only appeared in the serum of 
kids when they were 3 months old and these titres were not significantly different (P>0.05) from 
the IgA titres in their dams’ milk. IgM titres in kids’ serum were slightly higher than their dams’ 
milk IgM and were significantly (P<0.05) higher at 2 months of age. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3.4 (i) (a)      Figure 7.3.4 (i) (b) 
 
Figure 7.3.4 (i). Means of log10 IgG ELISA titres in milk and serum of kids from two groups of 
postpartum grazing Boer does that were either supplemented with protein (a) or un-supplemented 
(b) during the last four weeks of their pregnancy. 
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Figure 7.3.4 (ii) (a)      Figure 7.3.4 (ii) (b) 
 
Figure 7.3.4 (ii). Means of log10 IgA ELISA titres in milk and serum of kids from two groups of 
postpartum grazing Boer does that were either supplemented with protein (a) or un-supplemented 
(b) during the last four weeks of their pregnancy. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.3.4 (iii) (a)      Figure 7.3.4 (iii) (b) 
 
Figure 7.3.4 (iii). Means of log10 IgM ELISA titres in milk and serum of kids from two groups of 
postpartum grazing Boer does that were either supplemented with protein (a) or un-supplemented 
(b) during the last four weeks of their pregnancy. 
 
7.3.5.  Comparison of selected parameters in kids at UQ Farm 
 
A comparison of selected parameters including live weight, FEC and FAMACHA
©
 in kids 
from protein supplemented and un-supplemented does is presented in Table 7.3.9 (Appendix C). In 
this study, male and female kids within each group were treated as one group as there were only 
two male kids in each group.  
 
Live weights were not significantly different (P>0.05) for both kid groups except when they were 2 
months old where kids from protein supplemented does were significantly heavier (P<0.05) than 
kids from the un-supplemented does. Based on FEC, the kids from both groups had been infected 
with H. contortus at 2 month of age. The kids from the un-supplemented does had significantly 
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higher (P<0.05) FEC than the kids from the protein supplemented does when FEC were first 
sampled. However, at 3 months of age, the FEC were not significantly different (P>0.05) between 
the kid groups, but the kids from protein supplemented does still had lower FEC than the kids from 
the un-supplemented does. Other selected parameters (PCV, haemoglobin, eosinophils, 
lymphocytes, IgG, IgA and IgM titres) were not significantly different (P>0.05) between the two 
kid groups throughout the study period. 
 
For both kid groups, the titres of IgG, IgA and IgM increased throughout the study period relative 
to the beginning of the experiment (Table 7.3.10). However, significantly higher (P<0.05) titres of 
IgG, IgA and IgM were only observed in the kids from protein supplemented does at 3 months old, 
whilst the kids from the un-supplemented does showed no significant difference (P> 0.05) for all 
three types of immunoglobulins throughout the study period.  
 
7.3.6.  Comparison of the level of IgG, IgA and IgM H. contortus-specific titres in colostrum, 
milk and serum from does at Yarrabee Boer Goat Stud 
 
The least square means titres of IgG, IgA and IgM in colostrum/milk and serum from does 
is shown in Figure 7.3.6 (a & b, respectively) and Tables 7.3.11 and 12, Appendix C. Serum 
samples at 12 hours PP were not taken, therefore the immunoglobulin content in milk and serum 
was compared from 1 month PP. 
 
IgG titres in colostrum were significantly higher (P<0.05) than in milk from the does throughout the 
study period. IgG titres in milk for 1 and 2 months PP were not significantly different (P>0.05). 
However, IgG titres in milk at 3 months PP had increased and was significantly higher (P<0.05) 
than the other two samples. IgA titres in colostrum from does were not significantly different 
(P>0.05) from the IgA in their milk at 1 month PP. IgA titres at 2 months PP were higher then they 
decreased significantly (P<0.05) at 3 months PP. No significant differences (P>0.05) were observed 
for IgM titres in colostrum and milk from the does throughout the study period (Figure 7.3.5 (a)).  
 
In serum, IgG titres were significantly higher (P<0.05) at 3 months compared to the samples from 
the does 1 and 2 months PP. Similar trends were observed from serum IgA and IgM titres (Figure 
7.3.6 (b)). Comparisons between milk and serum IgG and IgA from the does showed no significant 
differences (P>0.05) throughout the study period. However, IgM titres were significantly higher 
(P<0.05) in serum from the does at 1 and 2 months PP, but titres decreased at 3 month PP and were 
not significantly different (P>0.05) (Table7.3.12, Appendix C). FEC of the does increased from 
kidding to 3 months PP and were significantly higher (P<0.05) then compared to previous months. 
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Figure 7.3.6 (a)       Figure 7.3.6 (b) 
 
Figure 7.3.6. Means of log10 IgG, IgA and IgM ELISA titres in milk (a) and serum (b) of Boer does 
at YRB Boer Goat Stud. 
 
7.3.7.  Titres of IgG, IgA and IgM in colostrum and milk of does and serum of their kids at 
Yarrabee Boer Goat Stud. 
 
A comparison of the least square means of IgG, IgA and IgM titres from serum of male 
versus female kids and the same immunoglobulins from colostrum and milk from their dams is 
shown in Figures 7.3.7 (i) and (ii), respectively, and Table 7.3.13, Appendix C.  
 
In male kids, IgG titres in their serum were slightly higher than their dams’ milk, but only 
significantly higher (P<0.05) than their dams titres when the kids were 3 months old. IgA titres in 
serum from kids were low when they were 1 month old and were significantly lower (P<0.05) when 
they were 2 and 3 months old compared to their dams’ milk. IgA was undetected in male kids’ 
serum when they were 2 months of age. IgM titres in male kids fluctuated being slightly higher at 1 
month of age, reduced at 2 months old and then increased to be significantly higher (P<0.05) than 
dams’ milk IgM when they were 3 months old (Figure 7.3.7 (i)). 
 
In female kids, IgG titres were significantly higher (P<0.05) when they were 1 month old, and 
remained higher than the IgG titres in their dams’ milk at 2 months of age but not significantly 
(P>0.05). At 3 months of age the kid serum had significantly lower (P<0.05) IgG titres than their 
dams’ milk. IgA titres in female kids’ serum when they were 1 month old, were slightly higher than 
dams’ milk IgA, but not significantly different (P>0.05). The titres decreased at older age, where 
the IgA was significantly lower (P<0.05) than dams’ milk when the female kids were 2 and 3 
months of age. IgM titres in female kids’ serum were significantly lower than dams’ milk when 
they were 1 and 2 months old but then the titres increased significantly higher (P<0.05) than dams’ 
milk when they were 3 months old (Figure 7.3.7 (ii)).  
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Figure 7.3.7 (i). Comparison of means of IgG, IgA and IgM ELISA titres between female kids’ 
serum and their dams’ milk at Yarrabee Boer Goat Stud. 
 
 
Figure 7.3.7 (ii). Comparison of means of IgG, IgA and IgM ELISA titres between male kids’ 
serum and their dams’ milk in goats at Yarrabee Boer Goat Stud. 
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7.3.8.  Comparison of IgG, IgA and IgM titres between male and female kids at Yarrabee 
Boer Goat Stud. 
 
The least square means live weight, FAMACHA
©
, FEC and selected blood parameters of 
male and female kids is presented in Figures 7.3.8 and 9, and Table 7.3.14 (Appendix C). 
 
At 3 months of age male kids were significantly heavier (P<0.05) than female kids. FAMACHA
©
 
scores were higher in male kids and were significantly (P<0.05) higher when they were 1 month old 
compared to female kids. FEC indicated that male kids were infected more than female kids as 
males had significantly higher (P<0.05) FEC at 3 months of age (Figure 7.3.8 (a)). PCV in female 
kids were always higher compared to male kids and were significantly higher (P<0.05) when they 
were 2 and 3 months of age (Figure 7.3.8 (b)). Eosinophil values were not significantly different 
(P>0.05) between male and female kids (Figure 7.3.8 (c)). Haemoglobin values were significantly 
higher (P<0.05) in female kids at 3 months old compared to males at the same age. Female kids had 
significantly higher (P<0.05) lymphocytes values than male kids at 1 and 3 months old (Figure 
7.3.8 (d)). No significant differences (P>0.05) were observed between male and female kids for 
their IgG, IgA and IgM titres in their serum during the entire study except once  for IgA where male 
(at 2 months of age) kids had significantly higher (P<0.05) values than female kids (Figure 7.3.9 (a 
& b)).   
 
 
 
 
 
 
 
 
 
 
Figure 7.3.8 (a)      Figure 7.3.8 (b) 
 
 
 
 
 
 
 
 
 
Figure 7.3.8 (c)     Figure 7.3.8 (d) 
 
Figure 7.3.8. Means of faecal egg counts (FEC) (a), packed cell volume (PCV) (b), eosinophil 
(Eosin) (c) and lymphocytes (Lymp) (d) in male and female Boer kids aged 2 and 3 months at 
Yarrabee Boer Goat Stud. 
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Figure 7.3.9 (a)      Figure 7.3.9 (b) 
 
Figure 7.3.9. Means of log10 IgG ELISA titres in male (a) and female (b) kids Boer kids at Yarrabee 
Boer Goat Stud. 
 
7.4.  Discussion 
 
Two studies were conducted at two different locations: UQ Farm and Yarrabee Boer Goat 
Stud. At UQ Farm, the does were divided into two groups of equal numbers of animals: the first 
group was supplemented with a protein pellet at 1% of their live weight for the last 4 weeks of their 
pregnancy and another group was not supplemented. At Yarrabee Boer Goat Stud, there was only 
one group of pregnant does and they were not supplemented with protein. 
 
7.4.1. UQ Farm 
 
At UQ farm, the results show that the H. contortus-specific titres of the protein 
supplemented does were higher for IgG in their colostrum and milk until 3 months PP compared to 
the un-supplemented does. The protein supplemented does also had higher IgA titres in their in 
colostrum and milk, and had increasing levels throughout the study period compared to the un-
supplemented does. Therefore, protein supplementation of the pregnant does during their last 4 
weeks of pregnancy had some positive influences on IgG and IgA levels in their colostrum and 
milk. This finding is supported by Hoste et al. (2008) in his review paper that there was good 
evidence from previous field studies to suggest that a better plan of nutrition might contribute to 
improved goat resilience to GIT nematode infection. Both IgG and IgA play an important role in 
the immune system of small ruminant including goats against H. contortus infection (Stear et al. 
1999; Yalcin et al. 2010). 
 
Serum samples taken from both groups of does revealed that IgG titres in the serum of protein 
supplemented does were slightly higher than in does in the un-supplemented group. Furthermore, 
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IgG titres increased from kidding to 3 months PP. This trend was not observed in the un-
supplemented group of does although no significant differences were observed between the two 
groups at any point of PP. The IgA titres were also higher in the protein supplemented does 
compared to their counterparts at the end of the study. This finding is in agreement with Coop and 
Kyriazakis (1999) where the level of nutrition might influence the ‘resilience’ and ‘resistance’ of 
the host to parasitic infection.   
 
FEC results in this study were also in favour of the protein supplemented does. Although no 
significant differences were observed in the FEC of both doe groups throughout the study period, 
the protein supplemented had a slightly lower FEC. This finding is supported by Faye et al. (2003), 
where they found that goats supplemented with a higher plane of nutrition had a tendency to reduce 
FEC around parturition. However, in this study, no animals were slaughtered to determine their real 
worm burden. Therefore, it was not possible to determine actual nematode resistance based on the 
number of H. contortus nematodes in the abomasum of the does. 
 
The comparison between serum of kids and their respective dams’ milk showed that IgG titres in 
kids tended to be lower than the IgG titres in milk although the titres increased by the end of the 
study. IgA titres in kids’ serum also showed similar results to IgG titres until the kids were 2 
months old. However, IgA titres in the serum of kids at weaning age (3 months old) increased 
significantly more than the milk IgA at 3 months PP. Other parameters such as kids’ live weights 
were not significantly different except at 2 months old, where the kids from protein supplemented 
does were significantly heavier than the kids from un-supplemented does. Due to the lack of 
significant differences between the kids live weights, it was not possible to determine whether the 
concentration of IgG in their serum reflects the amount of total IgG ingested per unit of live weight 
soon after birth as reported by Bush and Staley (1980). 
 
All kids were infected with H. contortus at 2 months of age based on their FEC. This finding was in 
contrast with Guedes et al. (2010), where they reported kids naturally  exposed to H. contortus were 
FEC-negative until 4 months of age. Therefore, in this study the antibodies (IgG, IgA and IgM) in 
the kids’ serum might have originated from their dams colostrum and milk, and also their natural 
immunity as a result of their nematode infection. The result also show the FEC of kids from protein 
supplemented does was significantly higher than the kids from un-supplemented does but only in 
the first samples. This indicates that the protein supplementation to the dams during pregnancy did 
not influence their kids’ defense mechanism against the H. contortus infection.  
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Due to a lack of evidence from kids from supplemented and un-supplemented does in this study, it 
can be concluded that there was no direct relationship between the immunoglobulin content of milk 
from dams and the immunoglobulins content in kids’ serum. Furthermore, protein supplementation 
to does during their last 4 weeks of their pregnancy had no significant influence on their kids’ 
serum immunoglobulins from 1 to 3 months after birth. This study did not support Rabbani et al. 
(1990) who reported that immunoglobulins in kids were positively correlated with the 
immunoglobulins of their dams. 
 
However, there were no blood samples taken from the kids from either doe groups soon after birth, 
before the kids reached 1 month of age, to determine if the absorption of the immunoglobulins from 
colostrum could have some effect on the kids’ serum later in life.  
  
7.4.2. Yarrabee Boer Goat Stud 
 
The result of the study showed the IgG in colostrum was significantly higher than in milk. 
This result is not surprising as colostrum provides the principal IgG source during the first month of 
life in ruminants (Vihan 1988; Keskin et al. 2007; Yalcin et al. 2010). The IgA and IgM titres in 
milk had a lack of significant differences between the different postpartum periods. The results 
showed that in does IgG, IgA and IgM titres in milk and serum were not significantly different 
throughout the study. Therefore, in does there is no clear evidence to conclude that the 
immunoglobulins content in milk is proportionate to the immunoglobulins in serum. 
 
In kids, both males and females, 1 and 2 months old demonstrated significantly higher IgG 
concentrations in their serum than their dams’ milk IgG. IgA titres showed an opposite trend to the 
IgG, where from 1 month through to 3 months old, the concentration of IgA in their serum was 
lower than in the milk. However, both IgG and IgA in kids increased when they were 3 months old 
although titres were not significantly higher than in their dams’ milk. Therefore, the high IgG and 
IgA titres in kids’ serum during their early life could have been derived from maternal transference 
in colostrum. No significant differences were observed between male and female kids in the 
concentration of IgG, IgA and IgM in their serum. This finding is in agreement with O'Brian and 
Sherman (1993) and Csapo et al. (1994), whom reported the concentration of these 
immunoglobulins in the blood of kids is not affected by sex.  
 
The concentrations of IgG and IgA increased as the kids grew older and this could be due to their 
immune response to the H. contortus infection as they had positive FEC at 2 months old. This 
finding on early infection by H. contortus in kids is yet again not in agreement with the finding by 
Guedes et al. (2010).    
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The comparison between male and female kids on selected immune parameters and indicators of H. 
contortus infection indicated that female kids are more responsive to infection. This response was 
observed on the FAMACHA
®
 scores, PCV, haemoglobin and lymphocytes counts where the female 
kids had higher values than the male kids. Furthermore, female kids had lower FEC than male kids 
throughout the study period. This finding was similar to those reported in Chapter 5 and 6 in this 
thesis.  
 
7.5.  Summary 
 
This experiment has investigated and discussed the immunoglobulins in colostrum, milk and 
serum of Boer does supplemented with protein during their last 4 weeks of pregnancy. This study 
also investigated if the immunoglobulin in milk is proportionate to the immunoglobulins in serum 
of does and as well as in their respective kids. The results indicate that protein supplementation in 
late pregnant does increased their immunoglobulins titres especially IgG and IgA in colostrum, milk 
and serum of pregnant does. The protein supplemented does also had lower FEC than the un-
supplemented does. This result supports the first hypothesis in this study.  
 
However, the second and third hypotheses tested in this study were not fulfilled. The results showed 
no significant differences between titres of immunoglobulins in milk and serum throughout the 
study period. The results showed inconsistencies in the titres of IgG and IgA in kids’ serum; being 
significantly higher than their dams’ milk titres at the beginning and reduced as they grew older 
although no significant differences were observed. This indicates that the immunoglobulins in milk 
were not proportionate to serum immunoglobulins either in does themselves or in their kids.      
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CHAPTER 8 
 
General Discussion, Conclusions and Suggestions for Future Studies 
 
8.1.  General Discussion 
 
This study was conducted in order to study the development of immunity in Boer goat kids 
born to does naturally infected with the nematode H. contortus. The approach was to determine the 
infection levels and various immune indicators including blood parameters in Boer goat kids’ serum 
and the influence of passive transfer of H. contortus-specific immunoglobulin from their dams’ 
colostrum and milk. The parameters measured included infection level (based in FEC, 
FAMACHA
©
 score and PCV) and alterations in the serum levels of leukocyte and erythrocyte 
values and the titres of H. contortus-specific immunoglobulin isotypes IgG, IgA and IgM. The level 
of infections, values of leukocyte and erythrocyte and titres of specific immunoglobulins were 
evaluated in Boer goat kids and their dams that were naturally challenged by H. contortus 
(Experiment 1 and 2). In addition to the natural infection in Experiment 2, a group of pregnant does 
were supplemented with 17% protein of pelleted lucerne at 1% of their live weight during their last 
four weeks of pregnancy versus a group of un-supplemented does.  
 
In Experiment 1, the proportion (%) of H. contortus at Yarrabee Boer Goat Stud obtained from the 
larvae culture was highest in the summer months. The monthly rainfall which was the highest in 
February 2012 (88.6 mm), compared to other months during the study period, supported the finding 
of the highest proportion (76%) of H. contortus in the field during this month similar to 
Chenyambuga et al. (2009) and Attindehou et al. (2012). In Experiment 2, the proportion of H. 
contortus in the UQ farm was very high throughout the study period (68 to 99%). As the 
temperature over the study period ranged from 14.6 to 24.6
o
C with an average monthly rainfall of 
72.1 mm, these environmental conditions probably favoured the development of L3 throughout 
spring, summer, autumn and winter. These findings were in agreement with previous reports in 
south-east Queensland (Roberts & Swan 1982) and in other regions in Australia (Gordon 1948; 
Rabbani et al. 1990; Gadahi et al. 2009). The low proportion of H. contortus from the larvae culture 
during the cooler months indicated the development of the larvae was arrested under lower 
temperatures (Waller et al. 2004). This result is in agreement with Gadahi et al. (2009), who 
reported warm and humid climates with optimal temperatures between 10 to 26.6
o
C and rainfall of 
at least 50 mm caused a severe outbreak of haemonchosis in sheep and goats in Pakistan. However, 
in this study herbage samples from the field were not collected or analysed, therefore the actual 
proportion of H. contortus in the field in the different seasons are unknown.  
 
140 
 
In terms of production performance, in particular live weight, all the kids (Experiment 1 and 2) live 
weights were increased throughout the study in agreement with previous studies (Pralomkarn et al. 
1997; Fakae et al. 1999; Chiejina et al. 2002). The ability of the animals to grow despite the 
infection indicates some degree of resistance to the pathogenic effects to H. contortus (Chiejina et 
al. 2002). However, a high proportion of Trichostrongylus present at Yarrabee Boer Goat Stud may 
have contributed to negative impacts on the live weight gain of the experimental goats. 
Trichostrongylus colubriformis and T. vitrines had been reported to account for the majority of 
pathogenic infections in sheep (Roy et al. 2004). Moreover, T. colubriformis was reported to cause 
major production and econimocal losses in infected sheep (Cantacessi et al. 2010) .The results of 
Experiment 2 showed that protein supplementation of does at 1% of their live weight with lucerne 
pellets during late pregnancy did not influence the birth weight of their kids. This was shown by the 
mean birth weights of male and female kids from protein supplemented and un-supplemented does 
that were was not significantly different. This finding was in agreement with Sahlu et al. (1992), 
Cheema et al. (2002) and (Mashiloane & Ntwaeagae 2009) who reported supplementation of does 
during late gestation had no influence on the birth weights of their kids. 
 
In Experiments 1 and 2, the FEC results indicated that grazing Boer goat kids were infected with H. 
contortus before 3 months of age as indicated by FEC analyses at this age. The results demonstrated 
that age has no significant influence on FEC in Boer goats, which is in agreement with Attindehou 
et al. (2012). On the other hand, this study finding is contrary with Guedes et al. (2010) where kids 
from Boer goats crossed with native breeds were FEC-negative for Strongylodea until four months 
of age under natural challenge of H. contortus. This study also showed that the FEC values were 
not in parallel with the trend of H. contortus prevalence in the field as determined from the larval 
culture. This may be attributed to the occasional drenching of selected animals with high FEC by 
their owner during the study period. The results of FEC in Experiments 1 and 2 also revealed that 
male goats were more susceptible to H. contortus than female goats, where FEC in male goats were 
significantly higher than female goats. This findings support previous reports in goats by Asanji 
(1988) and (Corley & Jarmon 2012). The differences in the susceptibility between male and female 
may due to testosterone concentration in the blood of male vertebrates and its effect on their 
immune system (Zuk & McKean 1996). In Experiment 2, the protein supplemented and un-
supplemented group of does had higher FEC in spring (August to October) when the does had just 
kidded. This could be related to the spring rise when this parasite is more prevalent, or where the 
worm is an opportunist in the periparturient relaxation of immunity of the does, a condition where 
animals loose (some of) their acquired immunity to parasites during late pregnancy through to early 
lactation (Houdjik 2008; Zaralis et al. 2009). In Experiment 3, the result of this study on FEC was 
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also in favour for the protein supplemented does. Despite there was no significant differences 
observed in the FEC of both doe groups throughout the study period, the protein supplemented does 
had a slightly lower FEC. This finding is in agreement with the report by Faye et al. (2003), where 
they found that goats supplemented with a higher plan of nutrition had a tendency to reduce FEC 
around parturition. However, in this study, no animals were slaughtered to determine their actual 
worm burden. Furthermore, in this study, the FEC values might not represent the actual worm 
burden at the time of sampling due to the occasional drenching conducted on selected animals with 
more than 1,000 epg in the previous month. 
 
Experiments 1 and 2 showed the FAMACHA
© 
scores were generally in line with the trend of PCV 
values. In Experiment 1, the FAMACHA
©
 scores were not significantly different between male and 
female goats in the older groups, in contrast with the younger group of goats. Previous studies 
reported that the FAMACHA
©
 system may not be as applicable to goats as to sheep as the range of 
colours in conjunctivae is smaller in goats than in sheep, therefore making the FAMACHA
© 
system 
more difficult to apply (Vatta et al. 2001; Van Wyk & Bath 2002). In Experiment 2, the 
FAMACHA
© 
scores in 2 months old kids indicated that animals were already loosing blood, also 
indicated by their PCV values, although no nematode eggs were found in their faeces during this 
month. This could be due to the blood loss by infective larval H. contortus, which had yet to reach 
their egg laying or adult stage. 
 
In Experiment 1, the total leukocyte counts in female goats were relatively higher than in male 
goats but were not significantly different. This finding is not in agreement with the earlier study of 
Bolormaa et al. (2010) who reported a few significant differences in leukocyte counts between male 
and female kids in all ages they studied. The differences in this finding could be attributed to the 
differences in breed used for the study. Suceptibility to H. contortus infection varies within breeds 
(Shakya, 2007: Baker et al. 2001). In the present study, Experiments 1, 2 and 3 showed that 
eosinophil values increased with age in both sexes indicating some degree of resistance was 
developing in all infected goats. This result confirms the report of de la Chevrotie`re et al. (2012). 
The results showed that eosinophilia is more pronounced in female goats coinciding with a 
relatively lower FEC, as compared to male goats, in both young and older groups. Thus in this 
study, eosinophilia in the goats seemed to be associated with their resistance status rather than with 
their level of infection. This is in contrast with the finding of Bambou et al. (2008) but in agreement 
with Qamar and Maqbool (2012). Blood eosinophilia was generally assumed as the characteristic 
outcomes of helminth infection in mammals (Bambou et al. 2008). Hypereosinophilia is reported as 
a typical immune response against helminths (Moreau & Chauvin 2010). Previous studies have 
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suggested that blood eosinophilia plays a role in resistance to helminth infection since there were 
significant correlations between resistance/susceptibility to endoparasite infection (Dawkins et al. 
1989; Patterson et al. 1996b; Balic et al. 2000b; Meeusen et al. 2005; de la Chevrotie`re et al. 2012).  
  
In Experiment 1, the lymphocyte counts significantly dropped towards the end of the study in 
young and older group of kids. This result is in agreement with Gill et al. (1991) who suggested that 
parasite antigen-specific suppression of lymphocyte responsiveness, following substantial 
experimental challenge, might account for the inability of goats to acquire resistance to H. 
contortus. The reason for this suppression of lymphocytes could not be explained unless the 
infected animals were slaughtered to further determine the localized response that might be 
different from the peripheral lymphocytes values. The low percentage of peripheral lymphocytes in 
resistant animals observed at 35 days post challenge could reflect a recruitment of T cells in the 
abomasal mucosa (Bambou et al. 2009a).  
 
In Experiment 1, the lymphocyte counts from male and female goats both decreased during the 
study, female goats exhibited significantly higher lymphocyte counts than male goats similar to the 
trend for eosinophil counts. This indicates that female goats are more resistance to H. contortus than 
male goats. This finding has never been reported in goats. However, both eosinophil and 
lymphocyte values in older goats in both sexes started to increase when goats were at 14 months of 
age and their values remained stable afterwards. From these results, it indicates that goats might 
develop resistance or resilience to H. contortus infection when they reach 14 months of age. Similar 
to the younger female goats, the older female goats showed higher eosinophil and lymphocyte 
counts compared to male goats which further indicate that female goats are more resistant to H. 
contortus infection. 
 
In Experiment 1, the result showed that the monocyte and basophil counts dropped steadily in both 
male and female goats and was significantly lower in male goats, whilst the neutrophil counts 
dropped in younger male goats and increased significantly with time in both sexes of older goats. 
Previous studies reported slight increases in monocyte and basophil values in goats naturally 
infected and challenged with T. colubriformis while neutrophil counts declined steadily with age 
(Bolormaa et al. 2010; Qamar & Maqbool 2012). Significantly increased monocytes values were 
reported in goats infected with H. contortus (Ameen et al. 2006; Al-jebory & Al-Khayat 2012) 
attributed to the effect of stress from the infection (Buddle et al. 1992).  
 
In Experiment 2, the WBC, neutrophil, lymphocytes, monocytes and eosinophil counts showed no 
significant difference between protein supplemented and un-supplemented groups of does 
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indicating that the level of protein supplementation given to does in late pregnancy did not have 
significant effects on their immunity pre- and post-parturition. The only significant difference 
observed in this study involving leukocytes from the does was that the protein supplemented group 
of does showed significantly higher basophil counts than the un-supplemented group. In kids of 
protein supplemented and un-suplemented does, the only obvious finding in this study was that 
lymphocyte counts were higher in the warmer months which coincides with higher natural H. 
contortus burden, compared to the cooler months. This could be related to the higher immune 
response during the higher haemonchosis period in the warmer months. This result indicates that 
protein supplementation of does in the last four weeks of their pregnancy has no clear impact on the 
leukocyte response of their offspring against haemonchosis. 
 
In Experiment 1, the younger (aged 3 to 9 months) group of goats, especially male goats, showed a 
marked reduction of RBC, PCV and haemoglobin values. This was similar to findings reported in 
previous studies, i.e. decreases in RBC (Howlader et al. 1997; Qamar & Maqbool 2012), PCV (Al-
Quaisy et al. 1987), PCV and haemoglobin (Pralomkarn et al. 1997; Al-jebory & Al-Khayat 2012), 
RBC and haemoglobin (Yacob et al. 2008), PCV and MCV (Bolormaa et al. 2010), PCV, RBC, 
haemoglobin, MCV and MCH (Ameen et al. 2006) values in goats infected either naturally or 
through inoculation of H. contortus. Decreased haemoglobin concentrations and total RBC counts 
are important indicators of haemonchosis in sheep and goats (Qamar & Maqbool 2012). PCV 
values and RBC counts were suggested as reliable measures of host pathology and resilience to H. 
contortus infection in West African Dwarf goats (Fakae et al. 1999). Reduction in erythrocyte 
counts and PCV values were reported to be highly correlated with Haemonchus burdens in sheep 
(Le Jambre 1995), therefore PCV may be used as an essential parameter, besides FEC, to describe 
resistance against nematode parasites in sheep (Amarante et al. 2004). 
 
In Experiment 1, the male goats had generally lower PCV (under 22%) values i.e. they were more 
anaemic than the female goats in some months during the study period. Most of the PCV values in 
young male goats were below the range of acceptable packed-cell volumes, 22 to 39%, for goats as 
reported by Ermilio and Smith (2011). The changes in RBC counts across the study were very 
similar to changes in PCV in a previous study by Fakae et al. (1999). The decreased RBC counts, 
PCV and haemoglobin values in these animals may be attributed to the blood loss from 
haematophagous activity and bleeding from the abomasa due to the injuries caused by Haemonchus 
(Abdel 1992). However, in the older group of goats of both sexes, erythrocytes values were not 
significantly different throughout the study period, although the values varied. This indicates that 
the younger goats were more susceptible to H. contortus infection and suffer more severe 
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consequences compared to the older goats as reported by Miller and Horohov (2006). The PCV 
results in this study revealed male goats, regardless of their age, have lower PCV values than 
female goats. This is evidence indicating male goats are more susceptible to H. contortus infection 
than female goats. There is no concrete reason to explain the greater susceptibility of male goats to 
nematode infection compared to female goats in this study. The only thing that might influence this 
situation is the slight differences in the flock management implemented in the farm. The difference 
in susceptibility to H. contortus infection between male and female animals could also be due to 
physiological, morphological, and behavioral differences (Poulin 1996b) and hormonal in origin 
(Zuk & McKean 1996).  
 
In Experiment 1, the MCV, MCH and RDW values dropped especially in the younger groups of 
goats for both sexes similar to the finding of Ameen et al. (2006). MCHC values also dropped in 
this study in agreement with Bolormaa et al. (2010). The present study results also showed the 
erythrocyte variables: RBC, haemoglobin, PCV, MCH, MCHC and RBC were higher in female 
than male goats. In the older group of goats, the values for RBC, haemoglobin, MCH, MCHC and 
RDW were significantly higher in male than female goats. The erythrocytes results in older male 
goats completely contradicted the erythrocyte values in young male goats. This indicates the degree 
of resistance or resilience in older male goats may be higher compared to young males. 
 
In Experiment 2, the results showed a lack of significant differences in the erythrocyte counts 
between protein supplemented and un-supplemented does. In particular, the PCV values had no 
significant difference between kids from protein supplemented and un-supplemented, as well as the 
doe groups. Although the values of RBC, Hb, MCH, MCHC and RDW were higher in the protein 
supplemented does at the end of the experiment, the values were not significantly different from the 
un-supplemented does. The same erythrocytes responses were seen in their kids where generally no 
significant different differences were found between male and female kids from both groups of 
does. However, the female kids generally demonstrated slightly higher erythrocyte counts compared 
to male kids regardless of their does groups. In this experiment has no strong evidence that protein 
supplementation at 1% live weight for 4 weeks of late pregnancy in Boer does can increase their 
immunity against H. contortus infection. Furthermore, there was a lack of evidence that the protein 
supplemented does passed any increased immunity against H. contortus onto their kids. 
 
In Experiment 1, IgG and IgA titres in the serum were significantly higher at the first sampling of 
younger goats, for both males and females, coinciding with the higher FEC, when compared to the 
second sampling. The concentrations of both IgG and IgA antibodies in the serum then dropped at 
the second sampling and fluctuated at lower levels for the remainder of the study period. Similar 
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findings have been reported by Schallig et al. (1995) who reported that both primary and secondary 
infections induced serum antibody responses in Texel sheep against larval and adult H. contortus 
antigens. In the older group of goats, both males and females also demonstrated slightly higher IgG 
and IgA antibodies in their serum at the first sampling. The concentrations then dropped and rose 
again at the third sampling (when they were 14 month of age) and their values remained almost 
stable after that. As these goats were already 9 months old when the first serum samples were taken, 
these goats were definitely not demonstrating their first immune response against H. contortus. 
Thus, the antibody response indicates their resistance or resilience towards Haemonchus challenge. 
As the concentration of IgG and IgA remained almost stable when goats reached 14 months of age, 
this could be the age that goats developed some degree of resistance or resilience to H. contortus 
infection (Vlassoff et al. 1999). Unfortunately, in this study it is not possible to confirm that the first 
serum samples from the younger group of goats represented their first antibodies response as the 
faecal egg counts were already positive at the first sampling.   
 
In Experiment 2, the protein supplemented does had slightly higher IgG concentrations in almost all 
the months of experiment although a lack of significant differences were observed. This indicates 
that protein supplementation of does during their final four weeks of pregnancy has an impact on 
their IgG related immunity against natural challenges by H. contortus. In kids, there was a lack of 
evidence that protein supplementation to the does during their last four weks of pregnancy had 
greater immunity against natural H. contortus infection than the kids from un- supplemented does 
as indicated by McPherson et al. (2012). 
 
In Experiment 2, the IgA concentrations of protein supplemented does infected with H. contortus in 
the last four weeks of pregnancy were increased. This result supports the finding by Rocha et al. 
(2011) that IgA production in ewes was influenced by nutrition. In Experiment 1 and 2, the results 
showed female kids had higher IgA concentrations in their serum compared to male kids, which 
indicates female kids are more resistant than male kids against natural challenges by H. contortus. 
 
In Experiment 1, IgM titres in the serum demonstrated a different trend compared to IgG and IgA. 
IgM antibody concentrations were low in the first sampling and then rose and remained high in 
subsequence samplings until the end of the experiment. IgM concentrations in the serum were 
significantly higher compared to IgG and IgA, probably as it didn’t play any significant role in the 
immune mechanism in goats against H. contortus infection. This result is supported by Schallig et 
al. (1995) who reported that IgM responses were less dominant in sheep against infective larvae and 
adult H. contortus, in which the concentrations of IgM were elevated in their zero FEC sheep. 
Therefore they suggested that the elevation of IgM antibodies was probably caused by cross-
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reacting or non-specific antibodies in the serum samples. Cross-reaction IgM antibodies might be 
due to the presence of common epitopes (e.g. carbohydrates or phosphorylcholine) shared with 
other organisms such as bacteria or free-living nematodes (Maizels et al. 1987; Van Leeuwen et al. 
1992). In Experiment 2, IgM concentrations remained high in the serum of both groups of does and 
their kids compared to the concentrations of IgG and IgA. This could be IgM was not being used by 
the animals as previous studies have shown that IgM plays an unclear role in animals infected by H. 
contortus although the levels increased following infection by L3 (Schallig et al. 1995). The same 
authors also reported that the levels of IgM antibody could increases in the serum of non-infected 
animals due to cross-reaction or non-specific antibodies in the serum samples. They remained high 
in the blood due to their slow reduction, which reportedly took about 6 to 12 months (Pritchard 
2001). 
 
In Experiments 1 and 2, the specific antibodies (IgG, IgA, IgM), eosinophils and lymphocytes were 
higher in female goats compared to male goats, especially in the older groups. The titres of both 
IgG and IgA started to increase when goats were 14 months old and their values remained stable 
afterwards. This finding indicates that female goats are more resistant to H. contortus infection 
compared to male goats. In Experiment 2, the result showed that protein supplementation in the last 
four weeks of pregnancy has the effect of increasing IgA concentrations in H. contortus infected 
Boer does. This finding supports the previous study by Rocha et al. (2011) that IgA production in 
ewes was influenced by nutrition. The results from this study also revealed that Boer goats 
developed resistance to infection against H. contortus when they reached 14 months of age. The 
results confirm the study by Vlassoff et al. (1999) who reported that some degree of resistance to 
nematode establishment had developed in goats by 12 to 18 months of age in Angora goats. On the 
other hand, the IgM concentration in serum samples of older goats demonstrated stable values only 
when the animals reached 17 months of age. The reason behind the difference of IgM compared to 
IgG and IgA requires further investigation. 
 
In Experiment 3, the results of the study conducted at UQ Farm show the IgG and IgA titres of the 
protein supplemented does had higher IgG concentrations in their colostrum and milk until 3 
months PP compared to the un-supplemented does. This finding is supported by Hoste et al. (2008) 
in his review paper that there was good evidence from previous field studies to suggest that a better 
plane of nutrition might contribute to improved goat resilience to GIT nematode infection. Both IgG 
and IgA play an important role in the immune system of small ruminant including goats against H. 
contortus infection (Stear et al. 1999; Yalcin et al. 2010). This finding is also in agreement with 
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Coop and Kyriazakis (1999) where the level of nutrition might influence the ‘resilience’ and 
‘resistance’ of the host to parasitic infection.  
 
In Experiment 3, the comparison between serum of kids and their respective dams’ milk showed 
that IgG and IgA titres in kids’ serum tended to be lower than the IgG titres in milk although the 
titres increased by the end of the study. Due to the lack of significant differences between the kids 
live weights, it was not possible to determine whether the concentration of IgG in their serum 
reflects the amount of total IgG ingested per unit of live weight soon after birth as reported by Bush 
and Staley (1980). All kids were infected with H. contortus at 2 months of age based on their FEC. 
This finding was in contrast with Guedes et al. (2010), where they reported that kids naturally 
exposed kids to H. contortus were FEC-negative until 4 months of age. Therefore, in this study the 
antibodies (IgG, IgA and IgM) in the kids’ serum might have originated from their dams colostrum 
and milk, and also their natural immunity as a result of their nematode infection. At Yarrabee Boer 
Goat Stud, the results showed that in does, IgG, IgA and IgM titres in milk and serum were not 
significantly different throughout the study. Therefore, there is no clear evidence to conclude that 
the immunoglobulins content in milk is proportionate to the immunoglobulins in serum. However, 
no blood samples were taken from the kids and their doe groups soon after birth and before the kids 
reached 1 month of age to determine if the absorption of the immunoglobulins from colostrum 
could have some effect on the kids’ serum later in life. 
 
In Experiment 3, there was lack of evidence from kids on the direct relationship between the 
immunoglobulin content of milk from dams and the immunoglobulins content in kids’ serum. 
Furthermore, protein supplementation to does during last 4 weeks of their pregnancy had no 
significant influence on their kids’ serum immunoglobulins from 1 to 3 months after birth. The 
finding of this study did not support Rabbani et al. (1990) who reported that immunoglobulins in 
kids were positively correlated with the immunoglobulins of their dams. However, the absorption of 
the immunoglobulins from colostrum could have some effect on the kids’ serum later in life was not 
determined in this study as there were no blood samples taken from the kids from both doe groups 
either soon after birth nor before the kids reached 1 month of age. The protein supplementation to 
the does during the last four week of their pregnancy also did not influence their kids’ defense 
mechanism against the H. contortus infection as FEC of kids from protein supplemented does was 
significantly higher than the kids from un-supplemented does in the first samples. Furthermore, no 
significant differences were observed between male and female kids in the concentration of IgG, 
IgA and IgM in their serum. This finding is in agreement with O'Brian and Sherman (1993) and 
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Csapo et al. (1994), who reported the concentration of these immunoglobulins in the blood of kids 
is not affected by their sex. 
 
In Experiments 1, 2 and 3, the concentrations of IgG and IgA increased as the kids grew older. This 
could be due to their immune response to the H. contortus infection as they had positive FEC at 2 
months old. The comparison between male and female kids on selected immune parameters and 
indicators of H. contortus infection indicated that female kids are more responsive to infection. This 
response was observed on the FAMACHA® scores, PCV, haemoglobin and lymphocytes counts 
where the female kids had higher values than the male kids. Furthermore, female kids had lower 
FEC than male kids throughout the study period. Therefore, it can be concluded that the female 
goats are more resistance and resilience to H. contortus natural chellenge than male goats. The 
protein supplementation to the dams during the last 4 weeks of their pregnancy did not influence 
their kids’ defense mechanism against the H. contortus infection.  
 
In Experiments 1 and 2, correlation analyses of the data showed that live weight was positively 
correlated with eosinophil counts. This result is in agreement with Bolormaa et al. (2010) and 
Olayemi et al. (2011) where eosinophil counts were positively associated with the live weights of 
Australian Angora and Cashmere goats naturally infected and followed by challenge infections with 
T. colubriformis. They suggested that such positive correlations between live weight and eosinophil 
counts may indicate resistance to infection rather than of the infection itself. FAMACHA
©
 scores 
were generally highly correlated with PCV as shown in younger male and both female goats in the 
older group, in line with Kaplan et al. (2004). The FAMACHA
©
 scores were also positively 
correlated with eosinophil counts. High FAMACHA
© 
scores indicates paleness of the eye 
membrane as a result of blood loss in animals as packed cell volume (PCV) is a reliable indicator of 
anemia (Dargie et al. 1979). Therefore, in the case of blood sucking nematode infection in goats, 
high FAMACHA
© 
scores, with high eosinophil counts in serum indicates the immune response is 
mounted to fight the infection. This study also found that FAMACHA
© 
scores were also negatively 
correlated with haemoglobin, MCH, MCHC and RBC counts, which indicates blood lost affects red 
blood cell volume and leads to haemoglobin deficiency.  
 
In Experiments 1 and 2, the FEC were negatively and moderately to highly correlated with PCV. 
This result is in agreement with previous reports indicating a significant strong negative correlation 
between FEC and PCV in goats infected with H. contortus (Chiejina et al. 2002; Fakae et al. 2004; 
Yacob et al. 2008). There was no strong evidence that FEC was closely correlated with eosinophil 
counts in this study as the results showed that both sexes of the younger goats had a positive 
significant correlation: the older male goats demonstrated a non-significant correlation; and both 
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older female goats group (FFB and FPB) had a significantly negative correlation between FEC and 
eosinophils values. However, the result of non-significant correlations between FEC and 
eosinophils in older male goats in this study is in agreement with Fakae et al. (1999; 2004) who 
found no significant correlation between eosinophils and FEC in H. contortus infected Nigerian 
West African Dwarf goats. On the other hand, elevated percentages of circulating eosinophils were 
associated with resistance to reinfection (Ganley-Leal et al. 2006). A previous study reported that 
numbers of eosinophils were higher in high responder lambs when compared to low responders 
after vaccination and challenge infections with T. colubriformis (Dawkins et al. 1989). Furthermore, 
a significant negative correlation between blood eosinophilia and FEC, exhibited by the older 
female goats, indicated the expression of resistance (Buddle et al. 1992). However, in this study, 
occasional drenching of some animals (with high FEC) during the study period may have had an 
effect on the FEC results as data from the drenched animals were also included in the statistical 
analysis. 
 
This study also showed no clear correlation between FEC and immunoglobulin titres in all groups 
of goats. This finding is in accordance with Fakae et al. (1999) who reported there were no 
consistent associations found between parasite burden and any immunological measures of 
infection in goats infected by H. contortus. The correlation coefficients between FEC and 
eosinophils were low and negative in both does and kids (except in kids from the un-supplemented 
does, which was positive) indicating a small role of eosinophils in resistance to H. contortus. This 
finding supported the previous report by Amarante et al. (1999), where there was a low and 
negative correlation between worm burden and eosinophils in sheep naturally infected by H. 
contortus. Furthermore, Gill et al. (1991) reported there was no apparent correlation between 
eosinophils and worm burdens in sheep naturally infected with H. contortus.  
 
This study showed that PCV and MCV were significantly and negatively correlated with MCHC. 
Olayemi et al. (2011) also reported strongly negative correlations between MCHC and both PCV 
and MCV indicating that nematode infected kids with high PCV and MCV have low MCHC. 
MCHC is directly proportionate to haemoglobin but inversely proportionate to haematocrit values 
(PCV) (Cornell University 1996). Therefore, when the PCV of infected animals is low, 
haemoglobin will be more concentrated and thus increases MCHC values. MCV was significantly 
(P<0.01), positively and moderately correlated with RDW. This is not surprising because in an 
anaemic condition an animal’s MCV goes hand in hand with RDW. Negative and significant 
(P<0.05) correlations were observed between MCV and MCHC, and the correlations were from 
moderate to high indicating the animals were anaemic as a result of blood loss caused by the 
nematode. 
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8.2. Conclusions 
 
The results of the experiments reported in this thesis have unequivocally demonstrated that 
Boer goats developed immunity against H. contortus infection under natural challenge at about 14 
month of age. Female Boer goats were apparently more resistance and resilience to H. contortus 
infection compared to male Boer goats based on the evidence of immune parameters such as H. 
contortus-specific immunoglobulin (IgG, IgA, IgM), FEC and PCV values. However, there was a 
lack of evidence that the development of immunity was influenced by the intensity of L3 infection 
as indicated by FEC values due to the inclusion of the occasionally drenched animals in this study. 
The pre-partum supplementation of goats in this experiment did not have any effect on resilience of 
kids naturally infected with H. contortus as there were no significant differences on birth and live 
weights throughout the study period. Goat kids are susceptible to gastrointestinal parasites infection 
as soon as they begin feeding on pastures based on their faecal analysis results which were positive 
when they were 2 months of age. 
 
8.3. Suggestions for Future Studies 
 
Deaths due to H. contortus are likely to increase in the coming years as this nematode has 
been reported to have high levels of multiple resistance to anthelmintics worldwide. Improving our 
knowledge and understanding of the development of immunity in goats against H. contortus 
infection could make important improvement to the performance of goats on infected pastures. 
Studies on the actual age that goats develop immunity together with the actual intensity of L3 
infection they acquire from infected pastures are important to help us to determine the production of 
specific antibodies and immune parameters against this nematode. This could be possible by 
studying the development of immunity in the same group of L3 infected goats from birth until they 
reach 20 months of age. Since previous studies were inconclusive on the development of immminty 
in different breeds of goats, suspected to be fully developed between 12 to 19 months of age, this is 
likely to capture the most probable age that goats develop immunity against this nematode. 
 
Another important immunoglobulin isotype, IgE should be included in future studies as IgE is 
characteristically associated with helminth infections in ruminants. Pasture sampling should be 
conducted to determine the actual L3 burden in the field that the animals are exposed to. Drenching 
on the animals should be avoided during the study in order to determine the actual patterns of H. 
contortus-specific antibodies in relation to the FEC. Actual worm counts from the abomasum 
should be included in order to relate the intensity of infection with the concentration of circulating, 
as well as the localised immune parameters in infected goats. Sampling serum from newborn kids is 
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important to determine if the antibodies from their dams’ colostrum and milk influence the 
development of their (offsprings) immune system later in their life. Studies on the heritability of 
heritable parameters such FEC and PCV may lead to identification of genetically robust goats on H. 
contortus-infested pastures, which is important towards implementing robustness as a trait in 
breeding programs. 
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Appendices 
 
Appendix A 
 
Table 5.3.2.1.  Monthly least square means ± standard errors live weights (kg) for male and female 
Boer goats aged 3 to 9 months from December 2011 to Jun 2012. 
 
Month Age (month) n Male n Female P 
December 3 35 17.4 ± 0.52
a
 44 15.3 ± 0.48
a
 0.0037 
January 4 34 20.0 ± 0.52
b
 42 17.5 ± 0.48
b
 0.0005 
February 5 33 22.5 ± 0.52
c
 42 19.9 ± 0.48
c
 0.0002 
March 6 32 24.0 ± 0.55
d
 40 20.3 ± 0.48
c
 < 0.0001 
April 7 18 25.5 ± 0.58
d
 42 21.3 ± 0.48
d
 < 0.0001 
May 8 17 28.2 ± 0.62
e
 42 23.8 ± 0.48
e
 < 0.0001 
June 9 15 28.7 ± 0.65
e
 40 23.1 ± 0.48
e
 < 0.0001 
Overall  184 22.9 ± 5.71 292 20.1 ± 4.40 <0.0001 
n Number of animals 
a,b,c, d, e  
Means within a column with different superscripts are significantly different (P<0.05) 
 
Table 5.3.2.2.  Least square means ± standard errors of live weights (kg) for male, full blood female 
(FFB) and pure bred (FPB) female Boer goats aged 9 to 20 months. 
 
Month 
Age 
(month) 
n Male n Female (FFB) n Female (FPB) 
June 9 34 27.8 ± 0.64
a
 109 22.8 ± 0.36
b
 24 25.8 ± 0.75
c
 
October 13 34 39.3 ± 0.60
a
 97 24.6 ± 0.34
b
 12 27.1 ± 0.89
c
 
November 14 34 39.0 ± 0.58
a
 24 28.1 ± 0.35
b
 3 30.9 ± 0.84
c
 
December 15 25 41.4 ± 0.71
a
 84 29.8  ± 0.40
b
 14 31.1 ± 0.94
b
 
January 16 14 44.1 ± 0.76
a
 84 31.7 ± 0.46
b
 13 34.7 ± 1.12
c
 
February 17 11 44.5 ± 0.98
a
 75 34.1 ± 0.48
b
 11 36.0 ± 1.11
b
 
April 19 3 46.7 ± 1.63
a
 69 34.6 ± 0.48
b
 8 36.3 ±1.23
b
 
May 20 3 47.7 ± 1.37
a
 70 36.6 ± 0.46
b
 8 37.1 ± 1.15
b
 
Overall mean  158 38.5 ± 0.58
a
 612 29.7 ± 0.25
b
 93 31.0 ± 0.62
b
 
n Number of animals 
a,b,c 
Means within a row with different superscripts are significantly different (P<0.05) 
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Table 5.3.4.1.  Least square means of FAMACHA
©
 scores and standard errors in male and female 
Boer goats kids aged 3 to 9 months from December 2011 to Jun 2012. 
 
Month 
Age 
(month) 
n Male n Female P 
December 3 34 3.2 ± 0.09
a
 44 2.8 ± 0.08
a
 0.0036 
January 4 35 3.0 ± 0.08
a
 42 2.9 ± 0.07
a
 0.3569 
February 5 33 2.3 ± 0.08
bcd
 42 2.1 ± 0.08
b
 0.2068 
March 6 22 2.9 ± 0.11
a
 40 2.3 ± 0.09
b
 <0.0001 
April 7 18 2.6 ± 0.13
c
 42 2.3 ± 0.09
bc
 0.0366 
May 8 17 2.8 ± 0.11
acd 
 42 2.1 ± 0.07
bc
 <0.0001 
June 9 15 2.3 ± 0.06
d
 40 2.0 ± 0.04
c
 0.0003 
Overall mean  174 2.8 ± 0.05 292 2.4 ± 0.03 <0.0001 
n Number of animals 
a,b,c, d  
Means within a column with different superscripts are significantly different (P<0.05) 
 
 
 
 
 
Figure 5.3.4.2. Trend of average FAMACHA
©
 scores (FAM) versus packed cell volume (PCV) 
(combination of male and female) values in goats aged 3 to 9 months from December 2011 to Jun 
2012.  
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Figure 5.3.4.3. Trend of average FAMACHA
©
 scores (FAM) versus packed cell volume (PCV) 
(combination of male and female) values in goats aged 9 to 20 months from June 2011 to May 
2012.  
 
 
Table 5.3.4.2. Least square means ± standard errors of FAMACHA
©
 scores in male, full blood 
female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month 
Age 
(month) 
n Male n Female (FFB) n Female (FPB) 
June 9 34 2.2 ± 0.10
a
 108 2.3 ± 0.06
a
 24 2.2 ± 0.12
a
 
October 13 34 3.2 ± 0.08
a
 97 3.4 ± 0.05
a
 11 3.4 ± 0.14
a
 
November 14 34 3.2 ± 0.08
a
 85 3.3 ± 0.05
a
 13 3.2 ± 0.12
a
 
December 15 25 3.1 ± 0.10
a
 84 3.2 ± 0.06
a
 13 3.3 ± 0.13
a
 
January 16 14 2.7 ± 0.17
a
 84 2.9 ± 0.07
a
 13 2.7 ± 0.16
a
 
February 17 11 2.1 ± 0.17
a
 75 2.6 ± 0.07
b
 11 2.8 ± 0.16
b
 
April 19 3 3.4 ± 0.33
a
 69 2.8 ± 0.08
a
 8 3.1 ± 0.20
a
 
May 20 3 2.3 ± 0.19
a
 70 2.1 ± 0.05
a
 8 2.4 ± 0.15
a
 
Overall mean  158   2.8 ± 0.05 672 2.8 ± 0.03 101   2.8 ± 0.07 
n Number of animals 
a,b, c
 Means within a row with different superscripts are significantly different (P<0.05) 
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Table 5.3.4.3. Monthly least square means ± standard errors of FAMACHA
©
 scores in male, full 
blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month 
Age 
(month) 
n Male n Female (FB) n Female (PB) 
June 9 34 2.2 ± 0.10
a
 108 2.3 ± 0.06
a
 24 2.2 ± 0.12
a
 
October 13 34 3.2 ± 0.08
b
 97 3.4 ± 0.05
b
 11 3.4 ± 0.14
be
 
November 14 34 3.2 ± 0.08
b
 85 3.3 ± 0.05
b
 13 3.2 ± 0.12
ce
 
December 15 25 3.1 ± 0.10
b
 84 3.2 ± 0.06
c
 13 3.3 ± 0.13
ce
 
January 16 14 2.7 ± 0.17
c
 84 2.9 ± 0.07
d
 13 2.7 ± 0.16
ade
 
February 17 11 2.1 ± 0.17
a
 75 2.6 ± 0.07
e
 11 2.8 ± 0.16
de
 
April 19 3 3.4 ± 0.33
b
 69 2.8 ± 0.08
d
 8 3.1 ± 0.20
e
 
 May 20 3 2.3 ± 0.19
ac
 70 2.1 ± 0.05
a
 8 2.4 ± 0.15
ade
 
n Number of animals 
a,b, c,d 
 Means within a column with different superscripts are significantly different (P<0.05) 
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Tables 5.3.4.4.  Frequency and percentage of FAMACHA
©
 scores in male and female Boer goat kids aged 3 to 9 months from December 
2011 to June 2012. 
Month 
Male  Female  
n 1 2 3 4 5  n 1 2 3 4 5 
December 35 no 2 (6) 24 (69) 9 (26) no 44 no 10 (23) 31 (70) 3 (7) no 
January 35 no 3 (9) 28 (80) 4 (11) no 42 no 6 (14) 32 (76) 4 (10) no 
February 33 no 24 (73) 9 (27) no no 42 no 37 (88) 4 (10) 1 (2) no 
March 18 no 10 (56) 6 (33) 2 (11) no 40 no 29 (73) 11 (28) no no 
April 22 no 8 (36) 9 (41) 5 (23) no 42 no 30 (71) 10 (24) 2 (5) no 
May 17 no 8 (47) 5 (29) 4 (24) no 42 no 41 (98) 1 (2) no no 
June 15 no 10 (67) 5 (33) no no 40 no 40 (100) no no no 
n Number of animals 
no Not observed 
Number in bracket indicates the percentage of the scores 
 
Tables 5.3.4.5. The frequency and percentage of FAMACHA
©
 scores in male and female Boer (full blood female (FFB) and pure bred 
female (FPB)) goat kids aged 3 to 9 months from December 2011 to June 2012. 
Month 
Male  FFB  FPB 
 n 1 2 3 4 5 n 1 2 3 4 5 n 1 2 3 4 5 
June 35 4 (11) 24 (60) 10 (29) no no 109 10 (9) 59 (54) 40 (37) no no 24 2 (8) 14 (58) 8 (33) no no 
October 35 no 2 (6) 25 (68) 8 (29) no 98 no 63 (64) 35 (36) no no 12 no 7 (58) 5 (42) no no 
November 35 no 1 (3) 27 (77) 7 (20) no 86 no 2 (2) 57 (66) 27 (31) no 14 no 11 (79) 3 (21) no no 
December 26 no 2 (8) 19 (73) 5 (19) no 85 6 (7) 62 (73) 17 (20) no no 15 no 11 (73) 4 (27) no no 
January 15 no 6 (40) 8 (53) 1 (7) no 85 no 25 (29) 50 (59) 8 (9) 2 (2) 14 no 4 (29) 9 (64) 1 (7) no 
February 12 no 10 (83) 2 (17) no no 76 no 38 (50) 34 (45) 4 (5) no 12 no 4 (33) 7 (58) 1 (8) no 
April 4 no 2 (50) 2 (50) no no 70 no 24 (34) 37 (53) 9 (13) no 9 no 2 (22) 4 (45) 3(33) no 
May 4 no 3 (75) 1 (25) no no 71 no 64 (90) 6 (8) 1 (1) no 9 no 6 (67) 2 (22) 1 (11) no 
n Number of animals 
no Not observed 
Number in bracket indicates the percentage of the scores 
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Table 5.3.5.1.  Least square means ± standard error of leukocytes in the blood male and female Boer goat kids aged 3 to 9 months from 
December 2011 to June 2012. 
 
Month December January February March April May June 
Overall 
Age (month) 3 4 5 6 7 8 9 
Male (n) 35 35 33 22 18 17 15 175 
Female (n) 43 42 42 40 42 42 40 291 
WBC (x10
9
/L)  
Male 15.6 ± 0.54 16.0 ± 0.55 13.8 ± 0.47 12.6 ± 0.74 13.1 ± 0.96 11.6 ± 0.79 12.6 ± 0.65 14.0 ± 0.27 
Female 16.5 ± 0.57 15.7 ± 0.49 14.6 ± 0.53 13.3 ± 0.39 14.6 ± 0.50 12.5 ± 0.45 14.4 ± 0.50 14.5 ± 0.20 
P  0.1494 0.7120 0.1589 0.1591 0.0228 0.1761 0.0066 0.2180 
Neutrophils (x10
9
/L)  
Male 6.5 ± 0.39 7.1 ± 0.43 6.0 ± 0.35 6.1 ± 0.47 7.2 ± 0.87 6.7 ± 0.71 6.3 ± 0.52 6.5 ± 0.19 
Female 6.1 ± 0.34 6.2 ± 0.31 5.4 ± 0.27 5.7 ± 0.27 5.4 ± 0.27 4.7 ± 0.21 5.9 ± 0.31 5.6 ± 0.11 
P  0.7588 0.1283 0.1345 0.3442 0.0343 0.0001 0.3115 0.001 
Lymphocytes (x10
9
/L)  
Male  7.5 ± 0.49 7.5 ± 0.50 6.0 ± 0.29 4.9 ± 0.38 3.5 ± 0.27 3.3 ± 0.33 4.7 ± 0.46 5.8 ± 0.21 
Female     9.0 ± 0.54 8.0 ± 0.51 5.7 ± 0.44 7.6 ± 0.20 6.7 ± 0.38 7.1 ± 0.39 7.5 ± 0.32 7.6 ± 0.17 
P  0.0423 0.5577 0.0193 0.0124 <0.0001 <0.0001 <0.0001 <0.0001 
Monocytes (x10
9
/L)  
Male  1.1 ± 0.09 1.0 ± 0.09 1.3 ± 0.12 1.2 ± 0.12 1.2 ± 0.04 0.9 ± 0.07 0.9 ± 0.08 1.1 ± 0.04 
Female  0.9 ± 0.08 1.1 ± 0.07 1.3 ± 0.10 1.4 ± 0.10 1.0 ± 0.07 0.7 ± 0.09 0.9 ± 0.1 1.1 ± 0.04 
P  0.1489 0.3158 0.8324 0.1154 0.0696 0.1438 0.7461 0.4190 
Eosinophil (x 10
9
/L)  
Male  0.1 ± 0.02
a
 0.1 ± 0.01
a
  0.2 ± 0.04
a
 0.3 ± 0.07
a
 0.1 ± 0.02
a
 0.3 ± 0.05
a
 0.2 ± 0.04
a
 0.2 ± 0.02 
Female  0.2 ± 0.03
a
 0.1 ± 0.01
a
  0.4 ± 0.09
b
 0.3 ± 0.05
a
 0.3 ± 0.04
b
 0.3 ± 0.05
a
 0.4 ± 0.09
a
 0.3 ± 0.02 
P  0.1371 0.1784 0.0358 0.7706 0.0023 0.9468 0.1060 0.0010 
Basophils (x10
9
/L)  
Male  0.4 ± 0.03 0.3 ± 0.03 0.2 ± 0.03 0.3 ± 0.03 0.3 ± 0.03 0.3 ± 0.04 0.2 ± 0.02 0.3 ± 0.01 
Female  0.3 ± 0.03 0.3 ± 0.02 0.3 ± 0.03 0.3 ± 0.02 0.3 ± 0.03 0.2 ± 0.02 0.1 ± 0.01 0.3 ±0.01 
P  0.1000 0.9472 0.1029 0.7541 0.8155 <0.0001 0.5496 0.0860 
n Number of animals 
a,b
 Parameter values in the same column superscribed with different letters are significantly different (P<0.05)  
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Table 5.3.5.2.  Monthly least square means ± standard error of leukocytes in the blood of male and female Boer goat kids aged 3 to 9 months 
from December 2011 to June 2012. 
 
 
Month 
Age 
(month) 
    
WBC (x10
9
/L) 
Neutrophils 
(x10
9
/L) 
Lymphocytes 
(x10
9
/L) 
Monocytes  
(x10
9
/L) 
Eosinophils 
(x 10
9
/L) 
Basophils 
(x10
9
/L) 
Male 
(n) 
Female 
(n) 
Male  Female  Male  Female  Male  Female     Male  Female  Male  Female  Male  Female  
December 3 35 43 
15.6 ± 
0.54
a
 
16.5 ± 
0.57
ae
 
6.5 ± 
0.39
a
 
6.1 ± 
0.34
a
 
7.5 ± 
0.49
a
 
9.0 ± 
0.54
a
 
1.1 ± 
0.09
ac
 
0.9 ± 
0.08
ac
 
0.1 ± 
0.02
a
 
0.2 ± 
0.03
a
 
0.4 ± 
0.03
adef
 
0.3 ± 
0.03
a
 
January 4 35 42 
16.0 ± 
0.55
a
 
15.7 ± 
0.49
abe
 
7.1 ± 
0.43
a
 
6.2 ± 
0.31
a
 
7.5 ± 
0.50
a
 
8.0 ± 
0.51
ab
 
1.0 ± 
0.09
ac
 
1.1 ± 
0.07
ab
 
0.1 ± 
0.01
a
 
0.1 ± 
0.01
b
 
0.3 ± 
0.03
acdef
 
0.3 ± 
0.02
a
 
February 5 33 42 
13.8 ± 
0.47
bd
 
14.6 ± 
0.53
bc
 
6.1 ± 
0.35
a
 
5.4 ± 
0.27
a
 
6.0 ± 
0.29
b
 
5.7 ± 
0.44
b
 
1.3 ± 
0.12
bc
 
1.3 ± 
0.10
b
 
 0.2 ± 
0.04
b
 
 0.4 ± 
0.09
c
 
0.2 ± 
0.03
bcdef
 
0.3 ± 
0.03
a
 
March 6 22 40 
12.6 ± 
0.74
bcd
 
13.3 ± 
0.39
cde
 
6.1 ± 
0.47
a
 
5.7 ± 
0.27
a
 
4.9 ± 
0.38
c
 
7.6 ± 
0.20
c
 
1.2 ± 
0.12
abc
 
1.4 ± 
0.10
b
 
0.3 ± 
0.07
b
 
0.3 ± 
0.05
c
 
0.3 ± 
0.03
cde
 
0.3 ± 
0.02
a
 
April 7 18 42 
13.1 ± 
0.96
bcd
 
14.6 ± 
0.50
bde
 
7.2 ± 
0.87
a
 
5.4 ± 
0.27
a
 
3.5 ± 
0.27
d
 
6.7 ± 
0.38
b
 
1.2 ± 
0.04
b
 
1.0 ± 
0.07
ac
 
0.1 ± 
0.02
a
 
0.3 ± 
0.04
c
 
0.3 ± 
0.03
de
 
0.3 ± 
0.03
a
 
May 8 17 42 
11.6 ± 
0.79
cd
 
12.5 ± 
0.45
d
 
6.7 ± 
0.71
b
 
4.7 ± 
0.21
b
 
3.3 ± 
0.33
d
 
7.1 ± 
0.39
b
 
0.9 ± 
0.07
 c
 
0.7 ± 
0.09
c
 
0.3 ± 
0.05
b
 
0.3 ± 
0.05
c
 
0.3 ± 
0.04
e
 
0.2 ± 
0.02
b
 
June 9 15 40 
12.6 ± 
0.65
d
 
14.4 ± 
0.50
e
 
6.3 ± 
0.52
a
 
5.9 ± 
0.31
a
 
4.7 ± 
0.46
c
 
7.5 ± 
0.32
b
 
0.9 ± 
0.08
ac
 
0.9 ± 
0.10
ac
 
0.2 ± 
0.04
b
 
0.4 ± 
0.09
c
 
0.2 ± 
0.02
f
 
0.1 ± 
0.01
b
 
n Number of animals 
a,b, c, d, e
 Parameter values in the same column superscribed with different letters are significantly different (P<0.05)  
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Table 5.3.5.3 (i). Least square means ± standard errors of white blood cells (WBC), neutrophils and lymphocytes in the blood of male, full 
blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Overall mean 
Age (month) 9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 158 
FFB (n) 109 95 85 84 84 75 69 70 671 
FPB (n) 24 12 13 14 13 11 8 8 103 
WBC (x 10
9
/L)  
Male 12.2 ± 0.51
a
 10.8 ± 0.41
a
 12.5 ± 0.47
ac
 13.7 ± 0.59
a
 13.1 ± 0.45
a
 12.5 ± 0.59
a
 11.6 ± 2.02
a
 11.8 ± 1.48
a
 12.3 ± 0.22
ab 
 
FFB 11.3 ± 0.26
b
 12.6 ± 0.25
b
 13.7 ± 0.25
b
 13.2 ± 0.31
b
 12.7 ± 0.28
a
 12.6 ± 0.30
a
 12.6 ± 0.30
a
 12.7 ± 0.28
a
 12.6 ± 0.10
a
 
FPB 11.2 ± 0.58
b
 12.9 ± 0.55
b
 11.8 ± 0.40
c
 11.3 ± 0.59
b
 11.3 ± 0.68
b
 13.3 ± 1.36
a
 11.1 ± 1.00
a
 12.2 ± 0.86
a
 11.8 ± 0.26
b
 
Neutrophils (x 10
9
/L)  
Male 5.1 ± 0.23
a
 5.6 ± 0.23
a
 6.6 ± 0.40
a
 8.1 ± 0.57
a
 7.5 ± 0.45
a
 6.5 ± 0.27
a
 7.7 ± 1.97
a
 8.6 ± 1.33
a
 6.5 ± 0.18
a
 
FFB 4.2 ± 0.16
b
 6.6 ± 0.17
b
 6.0 ± 0.19
a
 5.3 ± 0.16
b
 5.1 ± 0.16
b
 5.0 ± 0.16
b
 5.7 ± 0.16
b
 5.9 ± 0.20
b
 5.4 ± 0.07
b
 
FPB 3.8 ± 0.27
b
 6.8 ± 0.48
b
 4.9 ± 0.22
b
 4.6 ± 0.34
b
 5.0 ± 0.48
b
 5.5 ± 0.82
b
 5.0 ± 0.67
b
 5.8 ± 0.54
b
 5.0 ± 0.18
c
 
Lymphocytes (x 10
9
/L)  
Male  6.1 ± 0.40
a
 3.5 ± 0.21
a
 4.2 ± 0.19
a
 4.0 ± 0.20
a 
3.6 ± 0.24
a
 3.9 ± 0.28
a
 3.0 ± 0.23
a
 3.4 ± 0.61
a
 4.3 ± 0.14
a
 
FFB 6.2 ± 0.19
a
 3.9 ± 0.15
a
 5.9 ± 0.17
b
 5.8 ± 0.20
b
 5.7 ± 0.23
b
 5.2 ± 0.22
b
 5.4 ± 0.23
b
 5.5 ± 0.18
b
 5.5 ± 0.07
b
 
FPB 6.2 ± 0.44
a
 3.5 ± 0.33
a
 5.2 ± 0.32
b
 5.5 ± 0.46
b
 4.4 ± 0.37
c
 4.9 ± 0.60
b
 4.7 ± 0.40
b
 5.3 ± 0.48
b
 5.1 ± 0.17
b
 
n Number of animals 
a,b
 Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.5.3 (ii). Least square means ± standard errors of monocytes, eosinophils and basophils in male, full blood female (FFB) and pure 
bred female (FPB) Boer goats aged 9 to 20 months 
 
Month June October November December January February April May 
Overall 
mean Age 
(month) 
9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 158 
FFB (n) 109 95 85 84 84 75 69 70 671 
FPB (n) 24 12 13 14 13 11 8 8 103 
Monocytes (x 109/L)  
Male 0.8 ± 0.09
a
 0.9 ± 0.08
a
 0.9 ± 0.07
a
 0.8 ± 0.10
a
 1.0 ± 0.09
a
 0.8 ± 0.08
a
 0.4 ± 0.05
a
 0.4 ± 0.15
b
 0.9 ± 0.04
a
 
FFB 0.8 ± 0.04
a
 1.4 ± 0.05
b
 0.9 ± 0.05
a
 0.9 ± 0.06
a
 0.8 ± 0.04
a
 1.0 ± 0.05
a
 0.9 ± 0.05
b
 0.7 ± 0.04
a
 0.9 ± 0.02
a
 
FPB 0.8 ± 0.11
a
 1.3 ± 0.15
b
 0.8 ± 0.13
a
 0.9 ± 0.08
a
 0.8 ± 0.08
a
 1.0 ± 0.09
a
 1.0 ± 0.13
b
 0.6 ± 0.12
a
 0.9 ± 0.04
a
 
Eosinphils (x 10
9
/L)  
Male 0.2 ± 0.02
a
 0.4 ± 0.11
a
 0.5 ± 0.08
a
 0.5 ± 0.07
a
 0.6 ± 0.14
a
 0.7 ± 0.28
a
 0.6 ± 0.17
a
 0.8 ± 0.38
a
 0.5 ± 0.04
ac
 
FFB 0.1 ± 0.01
b
 0.4 ± 0.05
 a
 0.7 ± 0.07
a
 1.0 ± 0.09
b
 0.6 ± 0.07
a
 0.7 ± 0.05
a
 0.6 ± 0.07
a
 0.6 ± 0.05
a
 0.7 ± 0.03
b 
FPB 0.1 ± 0.01
b
 0.4 ± 0.13
a
 0.8 ± 0.19
a
 0.6 ± 0.13
a
 0.8 ± 0.16
a
 0.9 ± 0.19
a
 0.3 ± 0.10
a
 0.6 ± 0.17
a
 0.6 ± 0.08
c
 
Basophils (x 109/L)  
Male 0.2 ± 0.02
ac
 0.2 ± 0.03
ac
 0.2 ± 0.02
a
 0.2 ± 0.02 
a
 0.2 ± 0.02
a
 0.2 ± 0.02
a
 0.1 ± 0.02
a
 0.1 ± 0.06
a
 0.2 ± 0.01
a
 
FFB 0.3 ± 0.02
b
 0.3 ± 0.02
b
 0.2 ± 0.01
a
 0.3 ± 0.01
a
 0.2 ± 0.01
a
 0.2 ± 0.01
a
 0.2 ± 0.01
a
 0.1 ± 0.01
a
 0.2 ± 0.01
a
 
FPB 0.3 ± 0.04
bc
 0.3 ± 0.03
bc
 0.2 ± 0.03
a
 0.4 ± 0.04
a
 0.2 ± 0.02
a
 0.2 ± 0.03
a
 0.2 ± 0.03
a
 0.2 ± 0.04
a
 0.2 ± 0.01
a
 
n Number of animals 
a,b,c 
 Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.5.4 (i). Monthly comparison of least square means ± standard errors of white blood cells (WBC), neutrophils and lymphocytes in 
the blood of male, full blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Age (month) 9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 
FFB (n) 109 95 85 84 84 75 69 70 
FPB (n) 24 12 13 14 13 11 8 8 
WBC (x 10
9
/L) 
Male 12.2 ± 0.51
a
 10.8 ± 0.41
b
 12.5 ± 0.47
a
 13.7 ± 0.59
a
 13.1 ± 0.45
a
 12.5 ± 0.59
a
 11.6 ± 2.02
ab
 11.8 ± 1.48
ab
 
FFB 11.3 ± 0.26
a
 12.6 ± 0.25
b
 13.7 ± 0.25
c
 13.2 ± 0.31
bc
 12.7 ± 0.28
b
 12.6 ± 0.30
b
 12.6 ± 0.30
b
 12.7 ± 0.28
b
 
FPB 11.2 ± 0.58
a
 12.9 ± 0.55
a
 11.8 ± 0.40
a
 11.3 ± 0.59
a
 11.3 ± 0.68
a
 13.3 ± 1.36
a
 11.1 ± 1.00
a
 12.2 ± 0.86
a
 
Neutrophils (x 10
9
/L) 
Male 5.1 ± 0.23
a
 5.6 ± 0.23
a
 6.6 ± 0.40
b
 8.1 ± 0.57
c
 7.5 ± 0.45
bc
 6.5 ± 0.27
b
 7.7 ± 1.97
bc
 8.6 ± 1.33
c
 
FFB 4.2 ± 0.16
a
 6.6 ± 0.17
b
 6.0 ± 0.19
ce
 5.3 ± 0.16
d
 5.1 ± 0.16
d
 5.0 ± 0.16
d
 5.7 ± 0.16
e
 5.9 ± 0.20
e
 
FPB 3.8 ± 0.27
a
 6.8 ± 0.48
b
 4.9 ± 0.22
c
 4.6 ± 0.34
ac
 5.0 ± 0.48
c
 5.5 ± 0.82
bc
 5.0 ± 0.67
c
  5.8 ± 0.54
bc
 
Lymphocytes (x 10
9
/L) 
Male  6.1 ± 0.40
a
 3.5 ± 0.21
bc
 4.2 ± 0.19
b
 4.0 ± 0.20
bc 
3.6 ± 0.24
bc
 3.9 ± 0.28
b
 3.0 ± 0.23
c
 3.4 ± 0.61
bc
 
FFB 6.2 ± 0.19
a
 3.9 ± 0.15
b
 5.9 ± 0.17
ad
 5.8 ± 0.20
ad
 5.7 ± 0.23
acd
 5.2 ± 0.22
cd
 5.4 ± 0.23
d
 5.5 ± 0.18
d
 
FPB 6.2 ± 0.44
ac
 3.5 ± 0.33
bc
 5.2 ± 0.32
ac
 5.5 ± 0.46
ac
 4.4 ± 0.37
c 
 4.9 ± 0.60
ac
 4.7 ± 0.40
ac
 5.3 ± 0.48
ac
 
n Number of animals 
a,b,c,d
 Parameter values in the same row superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.5.4 (ii). Monthly comparison of least square means ± standard errors of monocytes, eosinophils and basophils in the blood of male, 
full blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months 
 
Month June October November December January February April May 
Age (month) 9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 
FFB (n) 109 95 85 84 84 75 69 70 
FPB (n) 24 12 13 14 13 11 8 8 
Monocytes (x 109/L) 
Male  0.8 ± 0.09
a
 0.9 ± 0.08
a
 0.9 ± 0.07
a
 0.8 ± 0.10
a
 1.0 ± 0.09
a
 0.8 ± 0.08
a
 0.4 ± 0.05
b
 0.4 ± 0.15
b
 
FFB 0.8 ± 0.04
a
 1.4 ± 0.05
b
 0.9 ± 0.05
ac
 0.9 ± 0.06
ac
 0.8 ± 0.04
a
 1.0 ± 0.05
c
 0.9 ± 0.05
a
 0.7 ± 0.04
d
 
FPB 0.8 ± 0.11
acd
 1.3 ± 0.15
b
 0.8 ± 0.13
acd
 0.9 ± 0.08
c
 0.8 ± 0.08
acd
 1.0 ± 0.09
ac
 1.0 ± 0.13
cd
 0.6 ± 0.12
d
 
Eosinphils (x 10
9
/L) 
Male  0.2 ± 0.02
a
 0.4 ± 0.11
b
 0.5 ± 0.08
b
 0.5 ± 0.07
b
 0.6 ± 0.14
b
 0.7 ± 0.28
b
 0.6 ± 0.17
b
 0.8 ± 0.38
b
 
FFB 0.1 ± 0.01
a
 0.4 ± 0.05
 be
 0.7 ± 0.07
c
 1.0 ± 0.09
d
 0.6 ± 0.07
ce
 0.7 ± 0.05
f
 0.6 ± 0.07
e
 0.6 ± 0.05
e
 
FPB 0.1 ± 0.01
a
 0.4 ± 0.13
bc
 0.8 ± 0.19
b
 0.6 ± 0.13
b
 0.8 ± 0.16
b
 0.9 ± 0.19
b
 0.3 ± 0.10
c
 0.6 ± 0.17
b
 
Basophils (x 109/L) 
Male 0.2 ± 0.02
a
 0.2 ± 0.03
a
 0.2 ± 0.02
a
 0.2 ± 0.02 
a
 0.2 ± 0.02
a
 0.2 ± 0.02
a
 0.1 ± 0.02
b
 0.1 ± 0.06
a
 
FFB 0.3 ± 0.02
ac
 0.3 ± 0.02
a
 0.2 ± 0.01
c
 0.3 ± 0.01
a
 0.2 ± 0.01
bc
 0.2 ± 0.01
bc
 0.2 ± 0.01
b
 0.1 ± 0.01
d
 
FPB 0.3 ± 0.04
ab
 0.3 ± 0.03
a
 0.2± 0.03
bcd
 0.3 ± 0.04
a
 0.2 ± 0.02
ad
  0.2 ± 0.03
bcd
 0.2 ± 0.03
cd
 0.2 ± 0.04
d
 
n Number of animals 
a,b,c, d, e, f 
 Parameter values in the same row superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.6.1.  Least square means ± standard error of erythrocytes in the blood from male and female Boer goat kids aged 3 to 9 months 
from December 2011 to June 2012. 
 
Months December January February March April May June  
Age (month) 3 4 5 6 7 8 9 Overall mean 
Male (n) 35 35 33 22 18 17 15 175 
Female (n) 43 42 42 40 42 42 40 291 
 RBC (x 10
12
/L)  
Male  11.8 ± 0.14 11.6 ± 0.11 11.6 ± 0.13 10.2 ± 0.35 10.9 ± 0.39 10.2 ± 0.49 10.7 ± 0.34 11.2 ± 0.10 
Female    11.8 ± 0.15 11.9 ± 0.08 12.0 ± 0.10 12.1 ± 0.08 11.5 ± 0.19 12.0 ± 0.15 12.3 ± 0.09 12.0 ± 0.05 
P  0.4683 0.0092 0.0125 <0.0001 0.0132 <0.0001 <0.0001 <0.0001 
  Haemoglobin (g/dL)  
Male  9.1 ± 0.23 8.3 ± 0.15 7.9 ± 0.15 6.5 ± 0.32 7.8 ± 0.41 6.8 ± 0.43 7.4 ± 0.33 7.9 ± 0.12 
Female     9.2 ± 0.17 8.6 ± 0.09 8.8 ± 0.13 8.9 ± 0.13 8.2 ± 0.23 8.4 ± 0.19 10.3 ± 0.15 8.9 ± 0.07 
P  0.6272 0.0486 <0.0001 <0.0001 0.0289 <0.0001 <0.0001 <0.0001 
  PCV (%)  
Male 24.3 ± 0.38 23.0 ± 0.32 21.8 ± 0.35 19.9 ± 0.49 22.1 ± 0.54 21.4 ± 0.61 21.3 ± 0.42 22.3 ± 0.23 
Female 25.2 ± 0.35 24.4 ± 0.30 23.1 ± 0.31 23.8 ± 0.41 22.9 ± 0.41 23.8 ± 0.46 24.4 ± 0.33 23.9 ± 0.13 
P  0.0362 0.0008 0.0026 <0.0001 0.3008 <0.0001 <0.0001 <0.0001 
  MCV (fL)  
Male  20.9 ± 0.23 19.7 ± 0.15 18.8 ± 0.21 19.7 ± 0.20 20.3 ± 0.29 21.0 ± 0.42 20.1 ± 0.37 20.0 ± 0.10 
Female     21.2 ± 0.25 20.5 ± 0.20 19.3 ± 0.19 19.3 ± 0.35 19.9 ± 0.19 19.8 ± 0.21 19.7 ± 0.20 20.0 ± 0.10 
P  0.0358 0.0034 0.1221 0.1270 00.1078 <0.0001 0.0713 0.8840 
  MCH (pg)  
Male  7.8 ± 0.15 7.1 ± 0.09 6.8 ± 0.04 6.4 ± 0.13 7.1 ± 0.16 6.4 ± 0.22 7.0 ± 0.15 7.0 ± 0.06 
Female     7.7 ± 0.09 7.2 ± 0.06 7.3 ± 0.07 7.3 ± 0.08 7.1 ± 0.10 7.0 ± 0.10 8.3 ± 0.09 7.4 ± 0.04 
P  0.6900 0.6909 <0.0001 <0.0001 0.5488 0.0005 <0.0001 <0.0001 
  MCHC (g/dL)  
Male  37.6 ± 0.86 36.3 ± 0.58 36.4 ± 0.60 32.5 ± 0.73 35.1 ± 1.17 31.4 ± 1.20 34.7 ± 0.85 35.4 ± 0.34 
Female     36.5 ± 0.62 35.3 ± 0.42 38.3 ± 0.58 37.3 ± 0.61 35.6 ± 0.62 35.3 ± 0.64 42.3 ± 0.67 37.2 ± 0.26 
P  0.2579 0.1427 0.0075 <0.0001 0.0531 <0.0001 <0.0001 <0.0001 
RDW (%CV)  
Male  38.1 ± 0.69 35.8 ± 0.41 34.6 ± 0.50 33.6 ± 0.76 38.0 ± 0.64 36.8 ± 0.98 34.7 ± 0.90 36.0 ± 0.28 
Female     39.0 ± 0.60 38.2 ± 0.63 36.8 ± 0.49 35.9 ± 0.47 35.7 ± 0.56 35.2 ± 0.53 37.9 ± 0.52 36.9 ± 0.22 
P  0.3671 0.0033 0.0025 0.0086 0.0037 0.0435 0.0043 0.0080 
n Number of animals 
a,b  
Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.6.2. Monthly least square means ± standard error of erythrocytes in the blood from male and female Boer goats kids aged 3 to 9 
months. 
n Number of animals 
a, b, c, d, e 
Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
RBC 
(x 10
12
/L) 
Hb (g/dL) PCV (%) MCV (fL) MCH (pg) MCHC (g/dL) RDW (%CV) 
Month 
Age 
(month) 
Male 
(n) 
Female 
(n) 
Male Female Male Female Male Female Male Female Male Female Male Female Male Female 
December 3 35 43 
11.8 ± 
0.14
a
 
11.8 ± 
0.15
ab
 
9.1 ± 
0.23
a
 
9.2 ± 
0.17
ac
 
24.3 ± 
0.38
a
 
25.2 ± 
0.35
ad
 
20.9 ± 
0.23
a
 
21.2 ± 
0.25
a
 
7.8 ± 
0.15
ae
 
7.7 ± 
0.09
a
 
37.6 ± 
0.86
a
 
36.5 ± 
0.62
ac
 
38.1 ± 
0.69
acd
 
39.9 ± 
0.60
a
 
January 4 35 42 
11.6 ± 
0.11
a
 
11.9 ± 
0.08
ab
 
8.3 ± 
0.15
b
 
8.6 ± 
0.09
bcd
 
23.0 ± 
0.32
b
 
24.4 ± 
0.30
acd
 
19.7 ± 
0.15
b
 
20.5 ± 
0.20
b
 
7.1 ± 
0.09
b
 
7.2 ± 
0.06
b
 
36.3 ± 
0.58
ac
 
35.3 ± 
0.42
a
 
35.8 ± 
0.41
bd
 
39.0 ± 
0.63
ab
 
February 5 33 42 
11.6 ± 
0.13
ac
 
12.0 ± 
0.10
a
 
7.9 ± 
0.15
bd
 
8.8 ± 
0.13
c
 
21.8 ± 
0.35
c
 
23.1 ± 
0.31
bc
 
18.8 ± 
0.21
c
 
19.3 ± 
0.19
c
 
6.8 ± 
0.04
ce
 
7.3 ± 
0.07
b
 
36.4 ± 
0.60
ac
 
38.3 ± 
0.58
bcd
 
34.6 ± 
0.50
bc
 
36.8 ± 
0.49
bc
 
March 6 22 40 
10.2 ± 
0.35
bcd
 
12.1 ± 
0.08
ac
 
6.5 ± 
0.32
cd
 
8.9 ± 
0.13
ac
 
19.9 ± 
0.49
d
 
23.8 ± 
0.41
cd 
19.7 ± 
0.20
bd
 
19.3 ± 
0.35
c
 
6.4 ± 
0.13
de
 
7.3 ± 
0.08
bc
 
32.5 ± 
0.73
bcd
 
37.3 ± 
0.61
c 
 
33.6 ± 
0.76
c
 
35.9 ± 
0.47
cd
 
April 7 18 42 
10.9 ± 
0.39
cd
 
11.5 ± 
0.19
b
 
7.8 ± 
0.41
bcd
 
8.2 ± 
0.23
b
 
22.1 ± 
0.54
bc
 
22.9 ± 
0.41
bc
 
20.3 ± 
0.29
d
 
19.9 ± 
0.19
bc
 
7.1 ± 
0.16
abc
 
7.1 ± 
0.10
cd
 
35.1 ± 
1.17
abc
 
35.6 ± 
0.62
ac 
 
38.0 ± 
0.64
ad
 
35.7 ± 
0.56
cd
 
May 8 17 42 
10.2 ± 
0.49
d
 
12.0 ± 
0.15
ac
  
6.8 ± 
0.427
cd
 
8.4 ± 
0.19
bcd
 
21.4 ± 
0.61
bcd
 
23.8 ± 
0.46
cd
 
21.0 ± 
0.42
ad
 
19.8 ± 
0.21
c
 
6.4 ± 
0.22
e
 
7.0 ± 
0.10
d
 
31.4 ± 
1.20
d
 
35.3 ± 
0.64
a
 
36.9 ± 
0.98
d
 
35.2 ± 
0.53
d
 
June 9 15 40 
10.7 ± 
0.34
d
 
12.3 ± 
0.09
c
 
7.4 ± 
0.33
d
 
10.3 ± 
0.15
d
 
21.3 ± 
0.42
cd
 
24.4 ± 
0.33
d
 
20.1 ± 
0.37
abd
 
19.7 ± 
0.20
c
 
7.0 ± 
0.15
abc
 
8.3 ± 
0.09
e
 
34.8 ± 
0.85
c
 
42.3 ± 
0.67
d
 
34.7 ± 
0.90
bcd 
 
37.9 ± 
0.52
a
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Table 5.3.6.3. (i) Least square means ± standard errors of red blood cells (RBC), haemoglobin, PCV and MCV in the blood from male, full 
blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Overall mean Age 
(month) 
9 13 14 15 16 17 19 20 
Male 34 34 34 25 14 11 3 3 158 
FFB (n) 109 95 85 84 84 75 69 70 671 
FPB (n) 24 12 13 14 13 11 8 8 103 
RBC  (x 10
12
/L)  
Male 11.6± 0.14
a
 11.6 ± 0.17
a
 11.8 ± 0.16
a
 10.4 ± 0.19
a
 11.5 ± 0.25
a
 10.8 ± 0.27
a
 8.1 ± 0.98
a
 11.7 ± 1.12
a
 11.3 ± 0.09
a
 
FFB 11.1 ± 0.10
b
 10.9 ± 0.12
b
 12.2 ± 0.07
a
 10.8 ± 0.13
a
 12.2 ±0.08
b
 11.1 ± 0.13
a
 10.6 ± 0.18
b
 11.0 ± 0.16
a
 11.3 ± 0.05
a
 
FPB 11.2 ± 0.21
ab
 10.6 ± 0.44
b
 11.9 ± 0.23
a
 10.9 ± 0.406
a
 12.0 ± 0.18
b
 10.7 ± 0.33
a
 10.2 ± 0.65
b
 11.0 ± 0.73
a
 11.1 ± 0.14
a
 
Haemoglobin (g/dL)  
Male 9.0 ± 0.21
a
 8.4 ± 0.18
a
 8.7 ± 0.20
a
 7.4 ± 0.20
a
 8.7 ± 0.31
a
 7.5 ± 0.30
abc
 4.2 ± 0.66
a
 8.3 ± 1.33
a
 8.3 ± 0.11
a
 
FFB 8.0 ± 0.12
b
 7.3 ± 0.13
b
 9.0 ± 0.10
a
 7.4 ± 0.15
a
 9.1 ± 0.10
a
 7.3 ± 0.13
b
 7.2 ± 0.16
b
 7.4 ± 0.16
a
 8.0 ± 0.05
b
 
FPB 8.2 ± 0.23
b
 7.1 ± 0.45
b
 8.7 ± 0.28
a
 7.2 ± 0.38
a
 9.1 ± 0.226
a
 7.1 ± 0.34
c
 6.6 ± 0.59
b
 7.0 ± 0.61
a
 7.7 ± 0.14
b
 
PCV (%)  
Male 22.9 ± 0.33
a
 24.5 ± 0.51
a
 24.2 ± 0.41
a
 21.9 ± 0.55
a
 23.5 ± 0.56
a
 20.5 ± 0.65
a
 16.4 ± 1.60
a
 22.9 ± 1.56
a
 23.1 ± 0.26
a
 
FFB 22.2 ± 0.19
a
 22.1 ± 0.30
b
 24.5± 0.25
a
 22.30 ± 0.30
a
 25.3 ± 0.28
b
 22.5 ± 0.30
b
 22.4 ± 0.42
b
 23.1 ± 0.39
a
 23.1 ± 0.11
a
  
FPB 22.5 ± 0.39
a
 21.3 ± 0.79
b
 24.2± 0.62
a
 21.9 ± 0.67
a
 25.9 ± 0.69
b
  21.9 ± 0.74
ab
 21.8 ± 0.90
b
 22.5 ± 1.08
a
 22.7 ± 0.35
a
 
MCV (fL)  
Male 19.7 ± 0.15
a
 21.3 ± 0.28
a
 20.5 ± 0.26
a
 21.0 ± 0.46
a
 20.5 ± 0.66
a
 19.1 ± 0.59
a
 20.6 ± 0.62
a
 21.0 ± 0.45
a
 20.4 ± 0.14
a
 
FFB 19.9 ± 0.11
a
 20.4 ± 0.18
b
 20.3 ± 0.13
a
 20.6 ± 0.15
a
 20.9 ± 0.13
a
 20.2 ± 0.18
b
 21.6 ± 0.26
a
 21.0 ± 0.20
a
 20.5 ± 0.06
a
 
FPB 20.0 ± 0.21
a
 20.0 ± 0.31
b
 20.1 ± 0.40
a
 20.5 ± 0.40
a
 21.3 ± 0.38
a
 20.6 ± 0.62
b
 21.9 ± 1.26
a
 20.0 ± 0.87
a
 20.7 ± 0.19
a
 
n Number of animals 
a,b  
Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.6.3. (ii). Least square means ± standard errors of MCH, MCHC, and RDW in the blood from male, full blood female (FFB) and 
pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Overall 
mean 
Age 
(month) 
9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 158 
FFB (n) 109 95 85 84 84 75 69 70 671 
FPB (n) 24 12 13 14 13 11 8 8 103 
MCH (pg)  
Male 7.9 ± 0.13
a
 7.2 ± 0.07
a
 7.4 ± 0.08
a
 7.1 ± 0.09
a
 7.7 ± 0.14
a
 7.1 ± 0.14
a
 6.1 ± 0.23
a
 6.7 ± 0.63
a
 7.3 ± 0.05
a
 
FFB 7.1 ± 0.06
b
 6.6 ± 0.05
b
 7.4 ± 0.04
a
 6.9 ± 0.06
a
 7.4 ± 0.05
a
 6.9 ± 0.05
a
 6.8 ± 0.07
b
 6.6 ± 0.07
a
 7.0 ± 0.02
b
 
FPB 7.2 ± 0.09
b
 6.6 ± 0.18
b
 7.3 ± 0.12
a
 6.6 ± 0.16
b
 7.6 ± 0.10
a
 6.8 ± 0.16
a
 6.9 ± 0.31
b
 6.9 ± 0.24
a
 7.0 ± 0.06
b
 
MCHC (g/dL)  
Male 39.6  ±  0.75
a
 33.9 ± 0.50
a
 36.1 ± 0.57
a
 33.6 ± 0.54
a
 37.1 ± 1.11
a
 37.2 ± 1.16
a
 28.2 ± 1.31
a
 34.3 ± 2.29
a
 36.1 ± 0.33
a
 
FFB 36.0 ± 0.36
b
 32.7 ± 0.26
b
 36.4 ± 0.26
a
 33.1 ± 0.40
a
 35.5 ± 0.34
b
 34.5 ± 0.41
b
 31.624 ± 0.38
b
 31.5 ± 0.37
a
 34.3 ± 0.14
b
 
FPB 35.8 ± 0.61
b
 33.0 ± 0.33
ab
 36.2 ± 0.84
a
 32.7 ± 0.82
a
 35.3 ± 0.99
ab
 32.1 ± 0.64
c
 29.8 ± 0.66
ab
 31.0 ± 1.34
a
 34.0 ± 0.35
b
 
RDW(%CV)  
Male 35.1 ± 0.63
a
 34.9 ± 0.51
ac
 38.4 ± 0.81
a
 37.4 ± 0.99
a
 37.8 ± 1.00
a
 35.9 ± 0.73
a
 35.2 ± 0.77
a
 38.2 ± 2.91
a
 36.5 ± 0.33
ac
 
FFB 33.8 ± 0.30
b
 33.3 ± 0.39
b
 36.9 ± 0.35
b
 34.5 ± 0.39
b
 38.6± 0.36
a
 35.5 ± 0.43
a
 36.0 ± 0.68
a
 36.0 ± 0.54
a
 35.5 ± 0.16
b
 
FPB 34.2 ± 0.66
ab
 35.0 ± 0.96
c
 37.0 ± 1.01
ab
 34.5 ± 1.28
b
 39.3 ± 1.26
a
 35.7 ± 0.96
a
 35.1 ± 1.38
a
 36.6 ± 1.58
a
 35.8 ± 0.40
c
 
n Number of animals 
a,b,c  
Parameter values in the same column superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.6.4. (i) Monthly comparison of least square means ± standard errors of red blood cells (RBC), haemoglobin, PCV and MCV in the 
blood from male, full blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Age 
(month) 
9 13 14 15 16 17 19 20 
Male 34 34 34 25 14 11 3 3 
FFB (n) 109 95 85 84 84 75 69 70 
FPB (n) 24 12 13 14 13 11 8 8 
RBC  (x 10
12
/L) 
Male 11.6 ± 0.14
a
 11.6 ± 0.17
a
 11.8 ± 0.16
a
 10.4 ± 0.19
bc
 11.5 ± 0.25
a
 10.8 ± 0.27
c
 8.1 ± 0.98
b
 11.7 ± 1.12
ac
 
FFB 11.1 ± 0.10
acd
 10.9 ± 0.12
ad
 12.2 ± 0.07
b
 10.8 ± 0.13
acd
 12.2 ±0.08
b
 11.1 ± 0.13
cd
 10.6 ± 0.18
a
 11.0 ± 0.16
a
 
FPB 11.2 ± 0.21
ace
 10.6 ± 0.44
ae
 11.9 ± 0.23
bd
 10.9 ± 0.406
ce
 12.0 ± 0.18
d
 10.7 ± 0.33
ace
 10.2 ± 0.65
ace
 11.0 ± 0.73
e
 
Haemoglobin (g/dL) 
Male 9.0 ± 0.21
ac
 8.4 ± 0.18
bc
 8.7 ± 0.20
c
 7.4 ± 0.20
d
 8.7 ± 0.31
c
 7.5 ± 0.30
cd
 4.2± 0.66
e
 8.3 ± 1.33
cd
 
FFB 8.0 ± 0.12
a
 7.3 ± 0.13
a
 9.0 ± 0.10
b
 7.4 ± 0.15
a
 9.1 ± 0.10
b
 7.3 ± 0.13
a
 7.2 ± 0.16
a
 7.4 ± 0.16
a
 
FPB 8.2 ± 0.23
a
 7.1 ± 0.45
b
 8.7 ± 0.28
ac
 7.2 ± 0.38
b
 9.1 ± 0.226
c
 7.1 ± 0.34
b
 6.6 ± 0.59
b
 7.0 ± 0.61
b
 
PCV (%) 
Male 22.9 ± 0.33
ac
 24.5 ± 0.51
b
 24.2 ± 0.41
b
 21.9 ± 0.55
ac
 23.5 ± 0.56
c
 20.5 ± 0.65
ac
 16.4 ± 1.60
d
 22.9 ± 1.56
ac
 
FFB 22.2 ± 0.19
a
 22.1 ± 0.30
a
 24.5 ± 0.25
b
 22.3 ± 0.30
ad
 25.3 ± 0.28
c
 22.5 ± 0.30
ad
 22.4 ± 0.42
ad
 23.1 ± 0.39
d
 
FPB 22.5 ± 0.39
abd
 21.3 ± 0.79
ad
 24.2 ± 0.62
bcd
 21.9 ± 0.67
abd
 25.9 ± 0.69
c
  21.9 ± 0.74
d
 21.8 ± 0.90
d
 22.5 ± 1.08
d
 
MCV (fL) 
Male 19.7 ± 0.15
ac 
 21.3 ± 0.28
b
 20.5 ± 0.26
a
 21.0 ± 0.46
ab
 20.5 ± 0.66
abc
 19.1 ± 0.59
c
 20.6 ± 0.62
abc
 21.0 ± 0.45
abc
 
FFB 19.9 ± 0.11
a
 20.4 ± 0.18
b
 20.3 ± 0.13
ab
 20.6 ± 0.15
b
 20.9 ± 0.13
ce
 20.2 ± 0.18
ab
 21.6± 0.26
de
 21.0 ± 0.20
e
 
FPB 20.0 ± 0.21
ac
 20.0 ± 0.31
ac
 20.1 ± 0.40
ac
 20.5 ± 0.40
abc
 21.3 ± 0.38
bc
 20.6 ± 0.62
abc
 21.9 ± 1.26
bc
 20.0 ± 0.87
c
 
n Number of animals 
a,b 
Parameter values in the same row superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.6.4. (ii). Monthly comparison of least square means ± standard errors MCH, MCHC, and RDW in blood from male, full blood 
female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month June October November December January February April May 
Age 
(month) 
9 13 14 15 16 17 19 20 
Male (n) 34 34 34 25 14 11 3 3 
FFB (n) 109 95 85 84 84 75 69 70 
FPB (n) 24 12 13 14 13 11 8 8 
MCH (pg) 
Male 7.8 ± 0.13
a
 7.2 ± 0.07
bc
 7.4 ± 0.08
b
 7.1 ± 0.09
cd
 7.7 ± 0.14
ab
 7.1 ± 0.14
d
 6.1 ± 0.23
e
 6.7 ± 0.63
bcde
 
FFB 7.1 ± 0.06
a
 6.6 ± 0.05
b
 7.4 ± 0.04
c
 6.9 ± 0.06
b
 7.4 ± 0.05
c
 6.9 ± 0.05
b
 6.8 ± 0.07
b
 6.6 ± 0.07
b
 
FPB 7.2 ± 0.09
a
 6.6 ± 0.18
b
 7.3 ± 0.12
ac
 6.6 ± 0.16
b
 7.6 ± 0.10
c
 6.8 ± 0.16
b
 6.9 ± 0.31
ab
 6.9 ± 0.24
ab
 
MCHC (g/dL) 
Male 39.6  ±  0.75
a
 33.9 ± 0.50
b
 36.1 ± 0.57
c
 33.6 ± 0.54
b
 37.1 ± 1.11
ac
 37.2 ± 1.16
ac
 28.2 ± 1.31
d
 34.3 ± 2.29
abc
 
FFB 36.0 ± 0.36
a
 32.7 ± 0.26
b
 36.4 ± 0.26
a
 33.1 ± 0.40
b
 35.5 ± 0.34
ac
 34.5 ± 0.41
c
 31.6 ± 0.38
b
 31.5 ± 0.37
b
 
FPB 35.8 ± 0.61
a
 33.0 ± 0.33
b
 36.2 ± 0.84
a
 32.7 ± 0.82
bd
 35.3 ± 0.99
ab
 32.1 ± 0.64
d
 29.8 ± 0.66
c
 31.0 ± 1.34
cd
 
RDW(%CV) 
Male 35.1 ± 0.63
a
 34.9 ± 0.51
a
 38.4 ± 0.81
b
 37.4 ± 0.99
b
 37.8 ± 1.00
b
 35.9 ± 0.73
ab
 35.2 ± 0.77
ab
 38.2 ± 2.91
ab
 
FFB 33.8 ± 0.30
b
 33.3 ± 0.39
a
 36.9 ± 0.35
bd
 34.5 ± 0.39
ac
 38.6 ± 0.36
b
 35.5 ± 0.43
cd
 36.0 ± 0.68
d
 36.0 ± 0.54
d
 
FPB 34.2 ± 0.66
a
 35.0 ± 0.96
a
 37.0 ± 1.01
b
 34.5 ± 1.28
a
 39.3 ± 1.26
c
 35.7 ± 0.96
ab
 35.1 ± 1.38
ab
 36.6 ± 1.58
abc
 
n Number of animals 
a,b,c 
Parameter values in the same row superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.7.1.  Least square means ± standard error of IgG, IgA and IgM ELISA titres from the blood of male and female Boer goats aged 
from 3 to 9 months from December 2011 to June 2012. 
 
Month 
Age 
(month) 
Male 
(n) 
Female 
(n) 
IgG IgA IgM 
Male Female P  Male Female P  Male Female P  
December 3 35 43 
117.4 ± 
32.92
a
 
104.0 ± 
31.36
a
 
0.0064 
26.3 ± 
6.92
a
 
151.9 ± 
34.32
a
 
0.0397 
465 ± 
285
ab
 
218 ± 58
a
 0.1042 
January 4 35 42 
9.7 ± 
4.77
b
 
9.5 ± 
3.97
b
 
0.7068 
2.4 ± 
0.60
b
 
1.6 ± 
0.51
b
 
0.6466 50.0 ± 7.9
a
 
88.8 ± 
32.5
a
 
0.6049 
February 5 33 42 
12.7 ± 
5.75
b
 
15.7 ± 
5.40
b
 
0.5197 
3.0 ± 
0.81
b
 
5.8 ± 
2.39
b
 
0.9456 852 ± 297.
b
 
867 ± 
233.1
b
 
0.0771 
March 6 22 40 
5.9 ± 
4.54
b
 
9.0 ± 
4.12
b
 
0.4197 
2.7 ± 
0.97
b
 
3.5 ± 
0.73
b
 
0.3615 541 ± 100
b
 930 ± 242
b
 0.0304 
April 7 18 42 
23.9 ± 
9.91
b
 
31.0 ± 
6.85
c
 
0.2468 
6.7 ± 
5.54
b
 
6.3 ± 
2.41
b
 
0.6131 
1,283 ± 
522
b
 
1,836 ± 
414
b
 
0.0048 
May 8 17 42 
32.4 ± 
10.97
b
 
51.7 ± 
24.08
c
 
0.9072 
2.4 ± 
1.06
b
 
1.6 ± 
0.51
b
 
0.7024 
7,129 ± 
5,831
b
 
3,398 ± 
2,367
b
 
0.0417 
June 9 15 40 
20.7 ± 
10.62
b
 
32.8 ± 
25.04
c
 
0.8727 
13.3 ± 
9.09
ab
 
1.8 ± 
0.42
b
 
0.1881 
1,113 ± 
645
b
 
1,508 ± 
392
b
 
0.3622 
Overall  175 291 
31.8 ± 
14.67 
36.2 ± 
12.67 
0.8239 
8.1 ± 
3.38 
21.6 ± 
21.22 
0.4569 
1,633 ± 
929 
1,264 ± 
428  
0.7241 
n Number of animals  
  a
 Means within a column with different superscripts are significantly different (P<0.05) 
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Table 5.3.7.2.  Least square means ± standard errors of IgG, IgA and IgM ELISA titres from the blood of male, full blood female (FFB) and 
pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month 
Age 
(month) 
Male 
(n) 
FFB 
(n) 
FPB 
(n) 
IgG IgA IgM 
Male FFB FPB Male FFB FPB Male FFB FPB 
June 9 34 109 24 
15.8 ± 
9.57
a
 
15.2 ± 
9.22
b
 
10.0 ± 
5.48
b
 
3.1 ± 
0.80
a
 
10.7 ± 
2.59
b
 
16.8 ± 
6.34
c
 
1,532 ± 
450
a
 
1,180 ± 
143
b
 
622 ± 955
c
 
October 13 34 95 12 
13.1 ± 
4.63
a
 
6.1 ± 
1.79
b
 
9.2 ± 
7.63
a
 
14.9 ± 
4.54
a
 
21.5 ± 
10.67
b
 
6.2 ± 
1.4
c
 
940 ± 277
a
 
33,072 ± 
17,820
b
 
9,087 ± 
7,610
c
 
November 14 34 85 13 
12.3 ± 
2.6
a
 
21.7 ± 
3.94
b
 
24.3 ± 
11.03
b
 
10.9 ± 
2.70
a
 
20.0 ± 
3.70
b
 
8.6 ± 
0.97
a
 
1,746 ± 
513
a
 
1,648 ± 
293
a
 
3,436 ± 
1,155
b
 
December 15 25 84 14 
8.5 ± 
0.72
a
 
36.8 ± 
12.18
b
 
12.7 ± 
6.36
a
 
16.2 ± 
4.87
a
 
36.4 ± 
12.19
b
 
20.7 ± 
8.37
a
 
3,247 ± 
823
a
 
1,772 ± 
311
b
 
1,474 ± 
615
b
 
January 16 14 84 13 
9.3 ± 
0.67
a
 
33.2 ± 
12.08
b
 
18.8 ± 
9.28
c
 
15.3 ± 
6.08
a
 
68.1 ± 
22.92
b
 
21.4 ± 
8.95
c
 
17,200 ± 
8,748
a
 
2,055 ± 
354
b
 
2,086 ± 
902
b
 
February 17 11 75 11 
10.0 ± 
0.00
a
 
57.5 ± 
18.51
b
 
21.7 ± 
10.65
c
 
9.2 ± 
0.83
a
 
62.7 ± 
22.34
b
 
30.8 ± 
12.09
c
 
5,350 ± 
1,405
a
 
17,992 ± 
13,223
b
 
12,775 ± 
8,046
c
 
April 19 3 69 8 
7.5 ± 
2.50
a
 
66.7 ± 
19.95
b
 
15.6 ± 
10.69
a
 
10.2 ± 
0.95
a
 
48.3 ± 
20.04
b
 
26.7 ± 
13.94
c
 
5,500 ± 
2,599
a
 
22,509 ± 
14,432
b
 
17,000 ± 
10,476
b
 
May 20 3 70 8 
7.5 ± 
2.50
a
 
117.6 ± 
29.48
b
 
16.0 ± 
10.91
a
 
10.3 ± 
0.97
a
 
68.2 ± 
23.84
b
 
17.8 ± 
10.38
c
 
5,568 ± 
2,615
a
 
18,301 ± 
14,098
b
 
12,900 ± 
10,934
c
 
Overall  158 671 103 
13.7 ± 
4.03
a
 
44.3 ± 
12.72
b
 
16.0 ± 
1.90
a
 
11.3 ± 
1.50
a
 
42.0 ± 
8.19
b
 
18.6 ± 
2.95
c
 
5,135 ± 
1,895
a
 
12,316 ± 
4,345
a
 
7,423 ± 
2,233
a
 
n Number of animals 
 a,b,c 
Parameter values in the same row superscribed with different letters are significantly different (P<0.05) 
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Table 5.3.7.3.  Monthly comparison of least square means ± standard errors of of IgG, IgA and IgM ELISA titres from the blood of male, 
full blood female (FFB) and pure bred female (FPB) Boer goats aged 9 to 20 months. 
 
Month 
Age 
(month) 
Male 
(n) 
FFB 
(n) 
FPB 
(n) 
IgG IgA IgM 
Male FFB FPB Male FFB FPB Male FFB FPB 
June 9 34 109 24 
15.7 ± 
9.57
a
 
15.2 ± 
9.22
a
 
10.0 ± 
5.48
a
 
3.1 ± 
0.80
a
 
10.7 ± 
2.59
a
 
16.8 ± 
6.34
a
 
1,532 ± 
450
ab
 
1,180 ± 
143
a
 
623 ± 95
a
 
October 13 34 95 12 
13.1 ± 
4.63
a
 
6.1 ± 
1.79
b
 
9.2 ± 
7.63
a
 
14.9 ± 
4.54
b
 
21.5 ± 
10.67
b
 
6.2 ± 
1.4
a
 
940.3 ± 
277
a
 
33,072 ± 
17,820
b
 
9,087 ± 
7,610
b
 
November 14 34 85 13 
12.3 ± 
2.6
a
 
21.7 ± 
3.94
c
 
24.3 ± 
11.03
b
 
10.9 ± 
2.70
b
 
20.0 ± 
3.70
b
 
8.6 ± 
0.97
a
 
1,746 ± 
513
b
 
1,648 ± 
293
a
 
3,436 ± 
1,155
c
 
December 15 25 84 14 
8.5 ± 
0.72
b
 
36.8 ± 
12.18
cd
 
12.77 ± 
6.36
ab
 
16.2 ± 
4.87
b
 
36.4 ± 
12.19
bc
 
20.7 ± 
8.37
a
 
3,247 ± 
823
abd
 
1,772 ± 
311
a
 
1,474 ± 
615
ac
 
January 16 14 84 13 
9.3 ± 
0.67
a
 
33.2 ± 
12.08
c
 
18.8 ± 
9.28
b
 
15.3 ± 
6.08
b
 
68.1 ± 
22.92
c
 
21.4 ± 
8.95
a
 
17,200 ± 
8,748
cd
 
2,055 ± 
354
a
 
2,086 ± 
902
ac
 
February 17 11 75 11 
10.0 ± 
0.00
ab
 
57.5 ± 
18.51
ce
 
21.77 ± 
10.65
b
 
9.2 ± 
0.83
b
 
62.7 ± 
22.34
c
 
30.8 ± 
12.09
a
 
5,350 ± 
1,405
d
 
17,992 ± 
13,223
b
 
12,775 ± 
8,046
b
 
April 19 3 69 8 
7.5 ± 
2.50
b
 
66.7 ± 
19.95
de
 
15.7 ± 
10.69
ab
 
10.2 ± 
0.95
b
 
48.3 ± 
20.04
bc
 
26.7 ± 
13.94
a
 
5,500 ± 
2,598
d
 
22,509 ± 
14,432
b
 
17,000 ± 
10,476
b
 
May 20 3 70 8 
7.5 ± 
2.50
b
 
117.6 ± 
29.48
e
 
16.0 ± 
10.91
ab
 
10.3 ± 
0.97
b
 
68.2 ± 
23.84
c
 
17.8 ± 
10.38
a
 
5,568 ± 
2,615
d
 
18,301± 
14,098
b
 
12,900 ± 
10,934
b
 
n Number of animals 
  a, b, c, d, e
 Means within a column with different superscripts are significantly different (P<0.05) 
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Table 5.3.8.1.  Correlations between live weight (BWt), FAMACHA
©
 scores (FAM), faecal egg count (FEC), packed cell volume (PCV), 
eosinophils (Eosin), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), red 
blood cell (RBC),lymphocytes (Lymp), immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), white blood cell 
(WBC), neutrophils (Neu), monocytes (Mono), basophils (Baso), mean corpuscular haemoglobin (MCH) and red cell distribution width 
(RDW) in female (below the diagonal) and male (above the diagonal) full blood Boer goat kids aged 3 to 9 months exposed to  natural H. 
contortus challenge. 
 
Traits BWt FAM FEC PCV Eosin Hb MCV MCHC RBC Lymp IgG IgA IgM  WBC Neu  Mono Baso MCH RDW 
BWt - -0.44** 0.24** -0.18* 0.30** -0.14 -0.07 -0.08 -0.08 -0.46** -0.29** -0.17* -0.32** -0.37** -0.06 -0.03 -0.13 -0.12 -0.11 
FAM -0.47** - 0.11 -0.20** -0.12 -0.28** 0.17* -0.32** -0.32** 0.23** 0.18* 0.12 -0.15* 0.14 -0.05 -0.08 0.23** -0.23** -0.07 
FEC 0.04 0.09 - -0.39** 0.25** -0.62** 0.09 -0.55** -0.50** -0.18* -0.10 0.17* 0.39** -0.30** -0.18* -0.00 -0.15 -0.61** -0.24** 
PCV -0.28** 0.03 -0.14* - -0.11 0.70** 0.47** -0.22** 0.80** 0.15* 0.26** 0.03 -0.11 0.22** 0.12 0.00 0.09 0.49** 0.51** 
Eosin 0.30** -0.30** 0.12* -0.07 - -0.20** 0.09 -0.21** -0.15* -0.10 -0.03 -0.02 0.26** -0.14 -0.03 -0.15* -0.20** -0.17* 0.02 
Hb 0.13* -0.28** -0.30** 0.38** 0.03 - -0.05 0.80** 0.80** 0.26** -0.27** 0.09 -0.22 0.35** 0.19* -0.05 0.09 0.90** 0.32** 
MCV -0.48** 0.34** -0.03 0.70** -0.14* -0.13* - -0.52** 0.02 -0.09 0.149* 0.08 0.12 -0.03 -0.00 -0.02 0.14 -0.05 0.48** 
MCHC 0.34** -0.35** -0.20** -0.20** 0.05 0.80** -0.63** - 0.50**- 0.26** 0.16* 0.07 -0.26** 0.32** 0.17* -0.03 0.05 0.83** -0.02 
RBC 0.12 0.30** -0.21** 0.48** 0.07 0.70** -0.11 0.49** - 0.20** 0.16* 0.07 -0.12 0.28** 0.15* 0.01 -0.01 0.58** 0.37** 
Lymp 0.04 0.10 -0.09 0.13* -0.01 0.12* 0.07 0.07 0.03 - 0.19* 0.11 -0.25** 0.63** -0.06 -0.25** -0.09 0.21** -0.04 
IgG -0.18** 0.25** 0.07 -0.08 0.04 -0.17** 0.13* -0.14* -0.23** 0.06 - -0.27** -0.04 0.06 -0.03 -0.09 0.18* 0.20** 0.21** 
IgA -0.22** 0.12* 0.14* 0.04 0.01 0.02 0.05 0.01 0.07 0.04 0.30** - 0.10 0.07 -0.02 -0.12 0.02 0.17* 0.11 
IgM 0.48** -0.36** 0.05 -0.28** 0.38** -0.03 -0.33 0.12* 0.02 0.02 -0.04 -0.11 - -0.16* -0.07 0.01 -0.04 -0.24* 0.01 
WBC -0.15* 0.22** -0.13* 0.22** 0.06 0.11 0.19** 0.01 0.03 0.69** -0.01 0.03 -0.08 - 0.63** 0.12 0.17* 0.33** 0.05 
Neu -0.26** 0.14* -0.14* 0.29** 0.02 0.13* 0.24** -0.02 0.08 0.00 -0.07 -0.05 -0.15* 0.60** - 0.22** 0.09 0.20** 0.11 
Mono -0.07 0.15** 0.09 -0.04 0.12* -0.13* 0.01 -0.12* -0.08 -0.28** -0.07 0.08 -0.04 0.16** 0.27** - 0.59** -0.05 0.04 
Baso -0.15* 0.23** -0.05 0.03 -0.08 -0.08 0.06 -0.10 -0.08 -0.11 -0.01 0.09 -0.16** 0.29** 0.33** 0.67** - 0.14 0.11 
MCH 0.08 -0.20** -0.26** 0.29** 0.02 0.89** -0.07 0.76** 0.44** 0.17** -0.15* -0.03 -0.10 0.17** 0.16** -0.17* -0.07 - 0.29** 
RDW -0.37** 0.05 -0.21** 0.67** -0.10 0.27** 0.57** -0.13* 0.30** 0.06 -0.02 -0.02 -0.30** 0.16** 0.24** -0.06 -0.01 0.24** - 
 
*P<0.05, ** P<0.01 
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Table 5.3.8.2. Correlations between live weight (BWt), FAMACHA
©
 scores (FAM), faecal egg count (FEC), packed cell volume (PCV), 
eosinophils (Eosin), haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), red 
blood cell (RBC),lymphocytes (Lymp), immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), white blood cell 
(WBC), neutrophils (Neu), monocytes (Mono), basophils (Baso), mean corpuscular haemoglobin (MCH) and red cell distribution width 
(RDW) in full blood female (FBF) and pure bred female (FPB) (below the diagonal) and male Boer goat kids (above the diagonal) aged 9 to 
20 months old exposed to natural H. contortus challenge. 
 
 Traits BWt FAM FEC PCV Eosin Hb MCV MCHC RBC Lymp IgG IgA IgM WBC Neu Mono Baso MCH RDW 
F
F
B
 
BWt - 0.25** -0.03 0.01 0.45** -0.11 0.07 -0.17* -0.07 -0.31** 0.05 0.45** 0.29** 0.12 0.42** 0.17* 0.11 -0.15 0.15 
FAM -0.22** - 0.27** 0.00 0.22** -0.22** 0.24** -0.43** -0.20* -0.27** 0.11 0.20 -0.07 -0.11 0.04 0.07 0.01 -0.35** 0.00 
FEC -0.19** 0.05 - -0.14 -0.10 -0.22** -0.02 -0.11 -0.08 -0.19* 0.08 -0.05 -0.22** -0.17* -0.06 -0.04 -0.08 -0.17* -0.01 
PCV 0.17** -0.18** -0.39** - -0.08 0.65** 0.64** -0.17* 0.66** -0.16* -0.10 0.02 -0.06 -0.21** -0.04 -0.01 -0.02 0.35** 0.33** 
Eosin 0.37** 0.10** -0.25** 0.12** - -0.13 -0.13 -0.06 -0.11 -0.14 0.05 0.37** 0.12 0.18* 0.21** 0.14 0.04 -0.24** -0.01 
Hb 0.07 -0.22** -0.36** 0.77** 0.07 - 0.12 0.41** 0.77** 0.18* -0.09 -0.03 -0.08 -0.01 -0.06 -0.00 0.04 0.64** 0.25** 
MCV 0.15** 0.01 -0.12** 0.45** 0.00 0.01 - -0.68** 0.13 -0.34** 0.12 0.02 0.01 0.22** 0.04 -0.01 -0.06 -0.01 0.42** 
MCHC -0.12** -0.13** -0.18** -0.18** -0.03 0.63** -0.58** - 0.36** 0.47** -0.02 0.09 -0.09 0.27** -0.04 0.05 0.11 0.64** -0.06 
RBC 0.08* -0.18** -0.34** 0.71** 0.09 0.81** -0.05 0.62** - 0.15* -0.08 0.02 -0.18 -0.01 -0.04 0.10 0.10 0.53** 0.31** 
Lymp 0.04 -0.18** -0.07 0.12** -0.02 0.23** -0.08* 0.27** 0.23** - -0.01 -0.21** -0.11 0.51** -0.06 -0.09 -0.04 0.34** 0.01 
IgG 0.44** -0.08* -0.11** 0.05 0.19** -0.02 0.12** -0.12** 0.02 0.07 - 0.13 -0.04 0.04 0.12 -0.02 0.06 -0.02 0.02 
IgA 0.32** -0.06 -0.10* 0.06 0.17** 0.01 0.10** -0.10* -0.02 0.04 0.17** - 0.14 0.08 0.33** 0.04 0.01 -0.03 0.06 
IgM 0.00 -0.03 0.00 -0.08* 0.02 -0.09* -0.04 -0.06 -0.09 0.09* 0.01 -0.02 - 0.15 0.22** 0.13 0.03 -0.09 0.10 
WBC 0.06 0.07 -0.20** 0.11** 0.32** 0.13** -0.10** 0.17** 0.18** 0.51** 0.12** -0.01 0.07 - 0.68** 0.21** 0.18* 0.27** 0.14 
Neu 0.01 0.19** -0.14** 0.06 0.18** -0.03 0.02 -0.05 0.02 -0.10** 0.08* -0.06 0.03 0.64** - 0.07 0.06 0.07 0.25** 
Mono -0.15** 0.22** -0.02 -0.10* 0.13** -0.10** -0.08* -0.05 -0.05 -0.26** -0.10* -0.03 -0.03 0.15** 0.10** - 0.70** 0.02 0.10 
Baso -0.27** 0.19** 0.09 -0.14** -0.05 -0.05 -0.16** 0.08 -0.05 -0.16** -0.13** -0.08* -0.03 0.07 -0.01 0.70** - 0.05 0.07 
MCH -0.01 -0.14** -0.27** 0.53** -0.07 0.74** 0.03 0.72** 0.65** 0.26** -0.05 0.00 -0.06 0.13** -0.04 -0.14** -0.06 - 0.26** 
RDW 0.17** -0.14** -0.35** 0.57** 0.04 0.52** 0.32** 0.27** 0.51** 0.11** 0.12** 0.06 -0.04 0.10** 0.07 -0.13** -0.19** 0.60** - 
F
P
B
 
BWt -                   
FAM 0.05 -                  
FEC -0.19 0.20* -                 
PCV 0.31** -0.31** -0.47** -                
Eosin 0.28** 0.24* -0.26** 0.12 -               
Hb 0.05 -0.35** -0.55** 0.81** -0.08 -              
MCV 0.46** -0.07 -0.09 0.59** 0.01 0.17 -             
MCHC -0.38** -0.26** -0.37** 0.11 -0.05 0.59** -0.56** -            
RBC 0.19 -.031** -0.50** 0.75** 0.01 0.84** 0.17 0.46** -           
Lymp -0.44 -0.19* -0.05 0.22* -0.11 0.26** 0.12 0.23* 0.34** -          
IgG 0.12 0.05 -0.12 0.06 0.13 0.07 0.04 -0.04 0.10 -0.07 -         
IgA 0.00 0.10 -0.05 0.09 0.14 0.02 0.04 -0.05 0.11 0.01 0.19* -        
IgM 0.34** 0.02 -0.19* 0.07 0.15 -0.02 0.05 -0.09 0.10 -0.11 0.21* 0.02 -       
WBC -0.08 -0.01 -0.11 -0.04 0.36** -0.06 -0.18 0.12 0.02 0.36** -0.18 0.08 0.08 -      
Neu -0.06 0.14 -0.08 -0.16 0.35** -0.19* -0.21* 0.02 -0.15 -0.30** 0.07 0.13 0.17 0.65** -     
Mono -0.04 0.08 0.03 -0.11 0.15 -0.14 -0.04 -0.07 0.24* -0.14 -0.19 -0.14 -0.09 0.26** 0.17 -    
Baso -0.24* 0.06 0.05 -0.03 0.02 -0.06 -0.01 -0.09 -.014 -0.08 -0.18 -0.03 -0.30** 0.28** 0.17 0.60** -   
MCH 0.01 -0.34** -0.41** 0.60** -0.08 0.78** 0.18 0.51** 0.67** 0.20* 0.04 0.06 0.03 0.02 -0.04 -0.18 -0.20 -  
RDW 0.18 -0.09 -0.40** 0.44** 0.15 0.41** 0.33** 0.12 0.42** 0.06 0.12 0.25** 0.06 0.19* 0.17 -0.03 -0.04 0.49**  
*P<0.05, **P<0.01 
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Table 5.3.8.3. Regressions analyses between FEC and live weight (BWt), FAMACHA
©
 scores (FAM), packed cell volume (PCV), eosinophils (Eosin), 
haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), red blood cell (RBC),lymphocytes 
(Lymp), immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), white blood cell (WBC), neutrophils (Neu), monocytes 
(Mono), basophils (Baso), mean corpuscular haemoglobin (MCH) and red cell distribution width (RDW) in male and female Boer goats aged 3 to 9 
months from December 2011 to June 2012.  
Male Female  (n = 244) 
Par n Intercept Slope R
2
 P  n Intercept Slope R
2
 P 
BWt 152 21.45600 0.00048 0.05900 0.00400 252 20.40100 -0.00017 0.00400 0.31000 
FAM 292 2.24028 0.00008 0.01300 0.17302 292 2.65463 0.00003 0.05400 0.00002 
WBC 175 15.23724 -0.00035 0.08781 0.00034 279 15.04120 -0.00016 0.00550 0.24758 
Neu 175 7.01709 -0.00012 0.02125 0.08342 291 5.76097 -0.00008 0.00446 0.29784 
Lymp 175 6.60183 -0.00022 0.05683 0.00428 291 7.79908 -0.00009 0.00267 0.42111 
Mono 175 1.05533 0.00000 0.00013 0.89326 291 0.97999 0.00001 0.00094 0.63310 
Eosin 175 0.13752 0.00001 0.01846 0.10694 291 0.25429 0.00001 0.00104 0.61511 
Baso 175 0.27064 0.00000 0.00151 0.64624 291 0.25733 -0.00001 0.00615 0.22113 
RBC 175 12.04236 -0.00023 0.29705 0.00000 291 12.28484 -0.00019 0.11414 0.00000 
Hb 175 9.03988 -0.00029 0.36373 0.00000 291 9.43784 -0.00027 0.12397 0.00000 
PCV 175 23.75514 -0.00034 0.12968 0.00001 291 24.49842 -0.00028 0.04361 0.00101 
MCV 175 19.65067 0.00012 0.06272 0.00265 291 19.89018 0.00010 0.01143 0.09492 
MCH 175 7.52183 -0.00013 0.25944 0.00000 291 7.65056 -0.00012 0.07712 0.00001 
MCHC 175 38.33139 -0.00083 0.29962 0.00000 291 38.64180 -0.00075 0.07222 0.00002 
RDW 175 37.27518 -0.00026 0.04845 0.00848 291 38.23669 -0.00059 0.06260 0.00008 
IgG 175 41.19465 -0.00002 0.00000 0.99526 291 15.65610 0.01397 0.03093 0.00577 
IgA 175 10.45615 -0.00040 0.00180 0.58245 291 145.78656 -0.02346 0.00180 0.50903 
IgM 175 405.74612 0.56698 0.03807 0.01998 291 705.15297 0.33510 0.00697 0.19264 
 n Number of animals 
 Par Parameters 
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Table 5.3.8.4. Regression analysis between FEC live weight (BWt), FAMACHA
©
 scores (FAM), packed cell volume (PCV), eosinophils (Eosin), 
haemoglobin (Hb), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration (MCHC), red blood cell (RBC),lymphocytes (Lymp), 
immunoglobulin G (IgG), immunoglobulin A (IgA), immunoglobulin M (IgM), white blood cell (WBC), neutrophils (Neu), monocytes (Mono), basophils 
(Baso), mean corpuscular haemoglobin (MCH) and red cell distribution width (RDW) in male, full blood female (FFB) and pure bred female (FPB) Boer 
goats aged 9 to 20 months exposed to a natural H. contortus challenge. 
 Male  FFB  FPB  
Par n Intercept Slope R
2
 P  n Intercept Slope R
2
 P  n Intercept Slope R
2
 P  
BWt 165 37.8387 0.0002 0.0017 0.6121 620 30.9432 -0.0005 0.0306 0.0000 101 32.0547 -0.0002 0.0135 0.2520 
FAM 166 2.5503 0.0001 0.0937 0.0001 680 2.7326 0.0000 0.0069 0.0409 110 2.5407 0.0001 0.0934 0.0021 
WBC 166 12.7802 -0.0002 0.0148 0.1291 679 13.1616 -0.0002 0.0262 0.0001 111 12.3129 -0.0001 0.0227 0.1363 
Neu 166 6.5648 0.0000 0.0016 0.6177 679 5.7024 -0.0001 0.0158 0.0019 111 4.9129 0.0000 0.0001 0.9421 
Lymp 166 4.5616 -0.0001 0.0094 0.2282 679 5.5096 0.0000 0.0005 0.5961 111 5.7049 -0.0001 0.0428 0.0398 
Mono 166 0.8977 0.0000 0.0019 0.5924 679 0.9554 0.0000 0.0027 0.1989 111 0.9115 0.0000 0.0001 0.9049 
Eosin 166 0.6020 0.0000 0.0174 0.0996 679 0.8128 -0.0001 0.0313 0.0000 111 0.6717 0.0000 0.0124 0.2725 
Baso 166 0.2276 0.0000 0.0144 0.1339 679 0.2251 0.0000 0.0013 0.3771 111 0.2141 0.0000 0.0139 0.2445 
RBC 166 11.4785 0.0000 0.0075 0.2801 679 11.7406 -0.0002 0.1306 0.0000 111 12.1092 -0.0003 0.3539 0.0000 
Hb 166 8.7809 -0.0002 0.0566 0.0027 679 8.4123 -0.0002 0.1300 0.0000 111 8.8648 -0.0003 0.3971 0.0000 
PCV 166 23.8079 -0.0003 0.0237 0.0540 679 24.0595 -0.0005 0.1363 0.0000 111 25.0697 -0.0007 0.2812 0.0000 
MCV 166 20.5569 0.0000 0.0027 0.5158 679 20.5253 0.0000 0.0023 0.2352 111 20.4364 0.0001 0.0072 0.4030 
MCH 166 7.4936 -0.0001 0.0352 0.0187 679 7.1017 -0.0001 0.0453 0.0000 111 7.2926 -0.0001 0.1906 0.0000 
MCHC 166 36.7794 -0.0002 0.0121 0.1696 679 34.8135 -0.0002 0.0203 0.0004 111 35.6669 -0.0005 0.1691 0.0000 
RDW 166 36.0911 0.0001 0.0027 0.5179 679 36.3975 -0.0005 0.0718 0.0000 111 36.9446 -0.0004 0.0706 0.0079 
IgG 166 15.3402 0.0010 0.0005 0.7761 679 40.7548 -0.0005 0.0001 0.8412 111 16.6609 -0.0005 0.0027 0.6121 
IgA 166 13.1692 -0.0008 0.0058 0.3448 679 44.6377 -0.0021 0.0011 0.4075 111 8.9969 0.0024 0.0561 0.0183 
IgM 166 4208.77 -0.4928 0.0125 0.1627 679 15600.69 -1.0947 0.0006 0.5417 111 4118.50 0.3152 0.0032 0.5810 
n Number of animals 
Par Parameters
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Appendix B. 
 
Table 6.3.2.1. Least square means ± standard errors of the live weights (kg) of protein 
supplemented and un-supplemented does 
Date n NSupD n SupD P  
August 13 52.7 ± 2.54 13 59.1 ± 2.62 0.0932 
September 13 49.2 ± 1.92 12 52.4 ± 1.93 0.2538 
November 11 45.7 ± 1.84 8 47.4 ± 1.73 0.4941 
December 11 45.7 ± 1.75 8 47.9 ± 1.63 0.3530 
January 10 46.3 ± 2.01 8 49.8 ± 1.90 0.2119 
February 10 49.0 ± 2.00 8 51.0 ± 1.80 0.4416 
March 10 51.7 ± 2.09 8 53.0 ± 1.94 0.6521 
April 10 52.1 ± 2.51 8 57.0 ± 2.31 0.1638 
May 10 54.3 ± 1.67 8 57.7 ± 1.74 0.1849 
June 10 54.8 ± 2.52 8 55.8 ± 2.32 0.7461 
Overall mean  51.3 ± 1.13  53.8 ± 1.17 0.0594 
n Number of animals 
NSupD - Un-protein supplemented does 
SupD - Protein supplemented does 
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Table 6.3.2.2. Least square means ± standard errors of the live weights (kg) of male and female Boer goat kids from birth to 9 months of age from 
protein supplemented and un-supplemented does. 
Sampling date 
Animal 
age 
(month) 
Male NDK 
(n=2) 
Female NDK  
(n=5) 
P  
Male SDK 
(n=2) 
Female SDK  
(n=12) 
P  
August 0 3.8 ± 0.43 3.5 ± 0.27 0.6598 3.4 ± 0.43 3.1 ± 0.18 0.5650 
September 1 7.9 ± 1.06 7.6 ± 0.67 0.8378 7.8 ± 1.06 6.1 ± 0.43 0.1511 
October 2 10.6 ± 1.26 8.8 ± 0.80 0.2455 16.6 ± 1.26 12.5 ± 0.55 0.0090 
November 3 16.0 ± 1.46 14.5 ± 0.93 0.3981 17.0 ± 1.46 13.0 ± 0.60 0.0227 
December 4 19.5 ± 1.49 15.8 ± 0.94 0.0516 19.3 ± 1.49 14.6 ± 0.61 0.0101 
January 5 21.3 ± 2.05 18.5 ± 1.30 0.2726 19.5 ± 2.05 17.0 ± 0.84 0.2823 
February 6  21.8 ± 2.11 22.6 ± 1.33 0.7380 23.3 ± 2.11 18.6 ± 0.86 0.0651 
March 7 23.3 ± 2.84 22.5 ± 1.80 0.8261 25.5 ± 2.84 20.6 ± 1.16 0.1276 
April 8 23.0 ± 3.16 24.0 ± 1.98 0.7908 26.0 ± 3.13 21.3 ± 1.28 0.1718 
May 9 23.0 ± 2.44 23.9 ± 1.55 0.7593 25.0 ± 2.44 20.21± 0.99 0.0871 
June 10 22.5 ± 2.09 23.4 ± 1.32 0.7205 25.0 ± 2.01 20.4 ± 0.85 0.0583 
Overall mean  17.5 ± 1.47 16.8 ± 1.04 0.3564 18.9 ± 1.61 15.2 ± 0.56 0.01995 
n Number of animals 
a,b,c, d, e  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.2.3. Monthly comparison of least square means ± standard errors of the live weights (kg) of male and female Boer goat kids from birth to 9 
months of age from protein supplemented and un-supplemented does. 
Sampling date 
Animal 
age 
(month) 
Male NDK 
(n=2) 
Male SDK 
(n=2) 
P  
Female NDK  
(n=5) 
Female SDK  
(n=12) 
P  
August 0 3.8 ± 0.43
a
 3.4 ± 0.43
a
 0.5232 3.5 ± 0.27
a
 3.1 ± 0.18a 0.1908 
September 1 7.9 ± 1.06
b
 7.8 ± 1.06
a
 0.9745 7.6 ± 0.67
b
 6.1 ± 0.43
b
 0.0671 
October 2 10.6 ± 1.26
c
 16.6 ± 1.26
b
 0.0040 8.8 ± 0.80
b
 12.5 ± 0.55
c
 0.0011 
November 3 16.0 ± 1.46
d
 17.0 ± 1.46
b
 0.6349 14.5 ± 0.93
cd
 13.0 ± 0.60
cd
 0.2028 
December 4 19.5 ± 1.49
d
 19.3 ± 1.49
b
 0.9072 15.8 ± 0.94
de
 14.6 ± 0.61
d
 0.2943 
January 5 21.3 ± 2.05
e
 19.5 ± 2.05
b
 0.5540 18.5 ± 1.30
ef
 17.0 ± 0.84
e
 0.3578 
February 6 21.8 ± 2.11
e
 23.3 ± 2.11
b
 0.6220 22.6 ± 1.33
fg
 18.6 ± 0.86
ef
 0.0269 
March 7 23.3 ± 2.84
e
 25.5 ± 2.84
b
 0.5829 22.5 ± 1.80
f
 20.6 ± 1.16
f
 0.3828 
April 8 23.0 ± 3.16
e
 26.0 ± 3.13
b
 0.5078 24.0 ± 1.98
g
 21.3 ± 1.28
f
 0.2601 
May 9 23.0 ± 2.44
e
 25.0 ± 2.44
b
 0.5703 23.9 ± 1.55
g
 20.21± 0.99
f
 0.0609 
June 10 22.5 ± 2.09
e
 25.0 ± 2.01
b
 0.4096 23.4 ± 1.32
g
 20.4 ± 0.85
f
 0.0751 
Overall mean  17.5 ± 1.47 18.9 ± 1.61 0.2451 16.8 ± 1.04 15.2 ± 0.56 0.0894 
n Number of animals 
a,b,c, d, e, f  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Not supplemented does’ kids 
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Table 6.3.2.4. Least square means ± standard errors of the live weights (kg) of male and female Boer goat kids from birth to 9 months of age from 
protein supplemented and un-supplemented does. 
Sampling 
date 
Animal 
age 
(month) 
Female SDK  
(n=12) 
Male SDK 
(n=2) 
P  
Female 
NDK  
(n=5) 
Male NDK 
(n=2) 
P  
August 0 3.1 ± 0.18 3.4 ± 0.43 0.5650 3.5 ± 0.27 3.8 ± 0.43 0.6598 
September 1 6.1 ± 0.43 7.8 ± 1.06 0.1511 7.6 ± 0.67 7.9 ± 1.06 0.8378 
October 2 12.5 ± 0.55 16.6 ± 1.26 0.0090 8.8 ± 0.80 10.6 ± 1.26 0.2455 
November 3 13.0 ± 0.60 17.0 ± 1.46 0.0227 14.5 ± 0.93 16.0 ± 1.46 0.3981 
December 4 14.6 ± 0.61 19.3 ± 1.49 0.0101 15.8 ± 0.94 19.5 ± 1.49 0.0516 
January 5 17.0 ± 0.84 19.5 ± 2.05 0.2823 18.5 ± 1.30 21.3 ± 2.05 0.2726 
February 6 18.6 ± 0.86 23.3 ± 2.11 0.0651 22.6 ± 1.33 21.75 ± 2.11 0.7380 
March 7 20.6 ± 1.16 25.5 ± 2.84 0.1276 22.5 ± 1.80 23.3 ± 2.84 0.8261 
April 8 21.3 ± 1.28 26.0 ± 3.13 0.1718 24.0 ± 1.98 23.0 ± 3.16 0.7908 
May 9 20.21± 0.99 25.0 ± 2.44 0.0871 23.9 ± 1.55 23.0 ± 2.44 0.7593 
June 10 20.4 ± 0.85 25.0 ± 2.01 0.0583 23.4 ± 1.32 22.5 ± 2.09 0.7205 
n Number of animals 
a,b,c, d, e  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Not supplemented does’ kids 
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Table 6.3.2.5. Monthly comparison of least square means ± standard errors of the live weights (kg) of male and female Boer goat kids from birth to 9 
months of age from protein supplemented and un-supplemented does. 
Sampling 
date 
Animal 
age 
(month) 
Male SDK 
(n=2) 
Male NDK 
(n=2) 
P  
Female SDK  
(n=12) 
Female NDK  
(n=5) 
P  
August 0 3.4 ± 0.43
a
 3.8 ± 0.43
a
 0.5232 3.1 ± 0.18a 3.5 ± 0.27
a
 0.1908 
September 1 7.8 ± 1.06
a
 7.9 ± 1.06
b
 0.9745 6.1 ± 0.43
b
 7.6 ± 0.67
b
 0.0671 
October 2 16.6 ± 1.26
b
 10.6 ± 1.26
c
 0.0040 12.5 ± 0.55
c
 8.8 ± 0.80
b
 0.0011 
November 3 17.0 ± 1.46
b
 16.0 ± 1.46
d
 0.6349 13.0 ± 0.60
cd
 14.5 ± 0.93
cd
 0.2028 
December 4 19.3 ± 1.49
b
 19.5 ± 1.49
d
 0.9072 14.6 ± 0.61
d
 15.8 ± 0.94
de
 0.2943 
January 5 19.5 ± 2.05
b
 21.3 ± 2.05
e
 0.5540 17.0 ± 0.84
e
 18.5 ± 1.30
ef
 0.3578 
February 6 23.3 ± 2.11
b
 21.75 ± 2.11
e
 0.6220 18.6 ± 0.86
ef
 22.6 ± 1.33
fg
 0.0269 
March 7 25.5 ± 2.84
b
 23.3 ± 2.84
e
 0.5829 20.6 ± 1.16
f
 22.5 ± 1.80
f
 0.3828 
April 8 26.0 ± 3.13
b
 23.0 ± 3.16
e
 0.5078 21.3 ± 1.28
f
 24.0 ± 1.98
g
 0.2601 
May 9 25.0 ± 2.44
b
 23.0 ± 2.44
e
 0.5703 20.21± 0.99
f
 23.9 ± 1.55
g
 0.0609 
June 10 25.0 ± 2.01
b
 22.5 ± 2.09
e
 0.4096 20.4 ± 0.85
f
 23.4 ± 1.32
g
 0.0751 
n Number of animals  
a,b,c, d, e, f  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Not supplemented does’ kids 
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Table 6.3.4.1. Least square means ± standard errors of the FAMACHA
© 
scores of protein 
supplemented and un- supplemented does. 
Month n NSupD n SupD P  
August 13 3.2 ± 0.17
ab
 13 3.0 ± 0.16
a
 0.3563 
September 13 3.4 ± 0.15
a
 12 3.0 ± 0.15
a
 0.1526 
November 11 2.6 ± 0.17
b
 8 2.4 ± 0.19
bc
 0.2700 
December 11 2.8 ± 0.21
abc
 8 2.7 ± 0.25
ab
 0.8578 
January 10 2.6 ± 0.12
b
 8 2.2 ± 0.13
bc
 0.0418 
February 10 2.8 ± 0.22
abc
 8 2.5 ± 0.21
ab
 0.1766 
March 10 2.8 ± 0.22
abc
 8 2.4 ± 0.24
b
 0.1759 
April 10 2.4 ± 0.17
cd
 8 2.3 ± 0.19
b
 0.7773 
May 10 2.1 ± 0.12
d
 8 2.1 ± 0.13
c
 0.6644 
June 10 2.1 ± 0.16
d
 8 2.4 ± 0.19
b
 0.1964 
n Number of animals 
a,b,c, d  
Means within a column with different superscripts are significantly different (P<0.05) 
NSupD - Un-supplemented does 
SupD - Protein supplemented does 
 
 
6.3.4.2. Least square means of FAMACHA
®
 scores and standard error of male and female Boer 
goat kids aged 3 to 10 months from Dec 2011 to Jun 2012. 
 
Month 
Age 
(month
) 
Male 
SDK 
(n=2) 
Female 
SDK 
(n=12)  
P  
Male 
NDK 
(n=2) 
Female 
NDK 
(n=5)  
P  
October 2 4.0 ± 0.44 3.0 ± 0.19 0.0359 3.0 ±0.44 3.2 ± 0.28 0.6992 
November 3 2.0 ± 0.44 2.2 ± 0.19 0.7242 2.5 ± 0.44 2.2 ± 0.28 0.5623 
December 4 2.0 ± 0.44 2.8 ± 0.19 0.1142 2.5 ± 0.44 2.4 ± 0.28 0.8467 
January 5 3.0 ± 0.44 2.1 ± 0.18 0.0541 2.5 ± 0.44 2.3 ± 0.28 0.5421 
February 6 2.7 ± 0.44 2.6 ± 0.19 0.2455 2.5 ± 0.44 1.8 ± 0.28 0.1777 
March 7 3.5 ± 0.44 2.6 ± 0.19 0.0541 2.5 ± 0.44 2.2 ± 0.28 0.5623 
April 8 3.0 ± 0.44 2.4 ± 0.18 0.2182 3.0 ± 0.44 2.2 ± 0.28 0.1239 
May 9 2.5 ± 0.44 2.1 ±0.18 0.3784 2.0 ± 0.44 2.0 ± 0.28 1.0000 
June 10 2.0 ± 0.44 2.0 ± 0.18 1.0000 2.0 ± 0.44 2.0 ± 0.28 1.0000 
n Number of animals 
a,b,c  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.4.3. Monthly comparison of least square means of FAMACHA
®
 scores and standard error of 
male and female Boer goat kids aged 3 to 10 months from Dec 2011 to Jun 2012. 
 
Month 
Age 
(month) 
Male 
SDK 
(n=2) 
Male 
NDK 
(n=2) 
P  
Female 
SDK 
(n=12) 
Female 
NDK (n=5) 
P  
October 2 4.0 ± 0.44
ac
 3.0 ±0.44 0.1078 3.0 ± 0.19 3.2 ± 0.28 0.5437 
November 3 2.0 ± 0.44
b
 2.5 ± 0.44 0.4194 2.2 ± 0.19 2.2 ± 0.28 0.9193 
December 4 2.0 ± 0.44
b
 2.5 ± 0.44 0.4194 2.8 ± 0.19 2.4 ± 0.28 0.2888 
January 5 3.0 ± 0.44
b
 2.5 ± 0.44 0.1488 2.1 ± 0.18 2.3 ± 0.28 0.2415 
February 6 3.0 ± 0.44
b
 2.5 ± 0.44 0.1766 2.6 ± 0.19 1.8 ± 0.28 0.1821 
March 7 3.5 ± 0.44
c
 2.5 ± 0.44 0.1078 2.6 ± 0.19 2.2 ± 0.28 0.2455 
April 8 3.0 ± 0.44
b
 3.0 ± 0.44 1.0000 2.4 ± 0.18 2.2 ± 0.28 0.5107 
May 9 2.5 ± 0.44
bc
 2.0 ± 0.44 0.6171 2.1 ±0.18 2.0 ± 0.28 0.8002 
June 10 2.0 ± 0.44
b
 2.0 ± 0.44 1.0000 2.0 ± 0.18 2.0 ± 0.28 1.0000 
n Number of animals 
a,b,c  
Means within a column with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Tables 6.3.4.4.  Frequency and percentage of FAMACHA
©
 scores in in protein supplemented and un-supplemented does from August 2011 to June 
2012. 
 
Month 
NSupD SupD 
 n 1 2 3 4 5 n 1 2 3 4 5 
August 13 no 2 (15) 6 (46) 5 (38) no 13 no 2 (15) 9 (69) 2 (15) no 
September 13 no 1 (8) 7 (54) 4 (31) 1 (8) 12 no 1 (8) 9 (75) 2 (17) no 
November 11 no 4 (36) 7 (64) no no 8 no 6 (63) 7 (38) no no 
December 11 no 4 (18) 5 (45) 2 (18) no 8 no 3 (38) 4 (50) 1 (13) no 
January 10 no 4 (40) 6 (60) no no 8 1 (13) 5 (63) 2 (25) no no 
March 10 no 4 (40) 3 (30) 3 (30) no 8 no 6 (75) 1 (13)  1 (13) no 
April 9 no 5 (56) 4 (44) no no 8 no 7 (88) 1 (13) no no 
May 10 no 9 (90) 1 (10) no no 8 no 7 (88) 1 (13) no no 
June 10 no 9 (90) 1 (10) no no 8 no 6 (75) 1 (13)  1 (13) no 
n Number of animals 
NSupD - Un-supplemented does 
SupD - Protein supplemented does 
Number in bracket indicates the percentage of the scores 
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Tables 6.3.4.5.  Frequency and percentage of FAMACHA
©
 scores of male and female Boer goats kids aged 3 to 10 
 months from December 2011 to June 2012. 
 
Month 
NDK ( Male and Female) SDK (Male and Female) 
 n 1 2 3 4 5 n 1 2 3 4 5 
October 7 no 1 (14) 4 (57) 2 (29) no 14 no 1 (7) 10 (71) 3 (21) no 
November 7 1 (14) 3 (43) 3 (43) no no 14 1 (7) 10 (71) 3 (21) no no 
December 7 no 4 (57) 3 (43) no no 14 no 6 (43) 7 (50) 1 (7) no 
January 7 1 (14) 5 (71) 1 (14) no no 14 5 (36) 3 (21) 5 (36) no 1 (7) 
March 7 no 5 (71) 2 (29) no no 14 no 6 (43) 6 (43) 2 (14) no 
April 7 no 4 (57) 3 (43) no no 14 no 9 (64) 3 (21)  2 (14) no 
May 7 no 7 (100) no no no 14 no 12 (86) 2 (14) 0 no 
June 7 no 7 (100) no no no 14 no 14 (100) no no no 
n Number of animals 
SDK- Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
Number in bracket indicates the percentage of the scores 
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Table 6.3.5.1. Least square means ± standard error of leukocytes in protein supplemented and un-supplementation does.  
n Number of animals 
a,b,c,d  
Means within a row with different superscripts are significantly different (P<0.05) 
SupD - Protein supplemented does 
NsSupD - Un-supplemented does 
Month August September October November December January February March April May June 
NSupD (n) 13 13 11 11 11 10 10 10 10 10 10 
SupD (n) 13 12 8 8 8 8 8 8 8 8 8 
WBC (x109/L) 
NSupD 9.73 ± 0.63ac 11.03 ± 0.78ac 11.58 ± 0.73ac 16.16 ± 1.04b 10.66 ± 0.95ac 15.21 ± 0.76b 11.16 ± 0.94ac 11.39 ± 0.79ac 12.03 ± 0.90c 10.96 ± 0.64ac 10.29 ± 0.78ac 
SupD  10.73 ± 0.74 12.10 ± 0.82 11.46 ± 0.71 14.66 ± 0.93 10.13 ± 0.85 14.41 ± 0.68 12.47 ± 0.85 11.78 ± 0.72 12.72 ± 0.81 11.32 ± 0.59 11.28 ± 0.72 
P 0.3589 0.4015 0.9058 0.2865 0.6782 0.4364 0.3090 0.7149 0.5721 0.6809 0.3606 
Neutrophils (x109/L) 
NSupD 4.89 ± 0.36a 5.52 ± 0.59ab 6.30 ± 0.41b 10.35 ± 0.68c 5.94 ± 0.53ab 8.87 ± 0.64c 5.25 ± 0.48a 5.13 ± 0.45a 5.60 ± 0.50a 5.04 ± 0.32a 5.39 ± 0.46a 
SupD 5.88 ± 0.31a 6.92 ± 0.64ac 6.59 ± 0.40ac 9.24 ± 0.59bc 5.48 ± 0.46a 8.21 ± 0.57c 6.37 ± 0.44ac 5.57 ± 0.41a 6.31 ± 0.44ac 5.02 ± 0.34a 5.75 ± 0.41a 
P  0.2587 0.3012 0.6099 0.2263 0.5106 0.5056 0.0396 0.4722 0.2973 0.9567 0.5617 
Lymphocytes (x109/L) 
NSupD 3.94 ± 0.38ac 4.03 ± 0.38ac 3.47 ± 0.38a 4.14 ± 0.40ad 2.87 ± 0.40bc 3.20 ± 0.41c 4.04 ± 0.41ac 4.09 ± 0.41a 5.17 ± 0.41d 4.34 ± 0.41d 4.09 ± 0.41a 
SupD  3.67 ± 0.37a 4.19 ± 0.39ab 4.01 ± 0.39ab 4.06 ± 0.45ab 3.04 ± 0.45a 3.22 ± 0.45a 4.28 ± 0.45ab 5.61 ± 0.45b 4.43 ± 0.45ab 4.37 ± 0.45ab 4.01 ± 0.45ab 
P  0.6261 0.7637 0.3293 0.9021 0.7772 0.9729 0.6843 0.0135 0.2253 0.9631 0.8956 
Monocytes (x109/L) 
NSupD  0.79 ± 0.09a 0.78 ± 0.09a 0.62 ± 0.09a 0.83 ± 0.14a 0.81 ± 0.16a 1.24 ± 0.10b 0.73 ± 0.16a 0.69 ± 0.11a 0.70 ± 0.17a 0.58 ± 0.11a 0.53 ± 0.09c 
SupD  0.66 ± 0.08ac 0.80 ± 0.10abc 0.82 ± 0.08abc 0.73 ± 0.12ac 0.94 ± 0.13a 1.07 ± 0.09b 0.90 ± 0.14ab 0.78 ± 0.10a 1.05 ± 0.16b 0.84 ± 0.10a 0.61 ± 0.08c 
P  0.2576 0.2614 0.1074 0.5899 0.5243 0.2169 0.4268 0.5232 0.1463 0.0909 0.4662 
Eosinophil (x 109/L) 
NSupD 0.36 ± 0.29abd 0.08 ± 0.08ad  0.50 ± 0.26bcd 0.72 ± 0.25bc 0.75± 0.31bc 0.88 ± 0.30bc 1.25 ± 0.37c 1.00 ± 0.00c 1.13 ± 0.13c 0.98 ± 0.19c 0.45 ± 0.17d 
SupD 0.05 ± 0.04a 0.15 ± 0.10a  0.23 ± 0.17ab 0.61 ± 0.15bc 1.00 ± 0.13cd 1.00 ± 0.21c 1.00 ± 0.15c 1.30 ± 0.15d 1.10 ± 0.18d 1.34 ± 0.41d 0.82 ± 0.19bcd 
P  0.3727 0.8831 0.8771 0.2190 0.9831 0.7899 0.3092 0.8822 0.1469 0.8067 0.7122 
Basophils (x109/L) 
NSupD 0.13 ± 0.02a 0.15 ± 0.02a 0.14 ± 0.03a 0.23 ± 0.03b 0.15 ± 0.04a 0.29 ± 0.03b 0.15 ± 0.03a 0.17 ± 0.03a 0.18 ± 0.03a 0.14 ± 0.03a 0.08 ± 0.03c 
SupD 0.08 ± 0.01a 0.12 ± 0.02bc 0.19 ± 0.03bc 0.13 ± 0.02bc 0.19 ± 0.04bc 0.20 ± 0.02b 0.17 ± 0.02bc 0.13 ± 0.03bc 0.15 ± 0.03bc 0.15 ± 0.03bc 0.13 ± 0.02c 
P  0.1036 0.3145 0.4222 0.0446 0.5267 0.0103 0.6198 0.5214 0.3821 0.6774 0.1728 
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Table 6.3.5.2. Least square means ± standard error of leukocytes of male and female Boer goat kids aged 3 to 10 months from protein supplemented 
does. 
Month October  November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
WBC (x109/L) 
Male SDK (n=2) 10.70 ± 1.77 14.30 ± 2.44 12.55 ± 2.60 14.00 ± 1.63 13.75 ± 1.99 11.25 ± 1.96 11.90 ± 2.14 10.45 ± 1.39 10.10 ± 2.05 
Female SDK (n=12)  12.47 ± 0.76 15.94 ± 1.00 12.68 ± 1.06 11.78 ± 0.68 13.16 ± 0.81 13.46 ± 0.80 13.18 ± 0.87 11.43 ± 0.57 10.83 ± 0.84 
P 0.3729 0.5424 0.9651 0.2226 0.7863 0.3119 0.5886 0.5233 0.7446 
Neutrophils (x109/L) 
Male SDK (n=2) 4.37 ± 0.88 6.92 ± 1.08 4.64 ± 1.27 6.46 ± 0.50 5.29 ± 0.71 4.46 ±0.97 4.92 ± 1.03 5.42 ± 0.35 4.55 ± 0.96 
Female SDK (n=11)  4.00 ± 0.43 6.76 ± 0.44 5.53 ± 0.52 5.17 ± 0.20 5.22 ± 0.29 5.26 ± 0.40 5.02 ± 0.42 4.41 ± 0.14 4.52 ± 0.39 
P 0.7098 0.8968 0.5239 0.0291 0.9257 0.4522 0.9255 0.017 0.9791 
Lymphocytes (x109/L) 
Male SDK (n=2) 5.60 ± 1.46 6.40 ± 1.90 5.55 ± 1.56 4.38 ± 1.64 6.61 ± 1.64 5.00 ± 1.37 6.16 ± 1.79 3.92 ± 1.37 4.41 ± 1.22 
Female SDK (n=11)  6.33 ± 0.64 7.90 ± 0.77 5.61 ± 0.64 5.92 ± 0.67 6.50 ± 0.68 6.14 ± 0.56 6.69 ± 0.73 5.81 ± 0.56 5.28 ± 0.50 
P 0.6522 0.4736 0.9693 0.3964 0.9489 0.4505 0.7852 0.2212 0.523 
Monocytes (x109/L) 
Male SDK (n=2) 0.47 ± 0.26 0.64 ± 0.32 1.39 ± 0.38 1.65 ± 0.26 1.29 ± 0.37 0.97 ± 0.26 0.46 ± 0.38 0.62 ± 0.25 0.55 ± 0.20 
Female SDK (n=11)  0.85 ± 0.11 0.81 ± 0.13 1.17 ± 0.15 0.93 ± 0.11 0.99 ± 0.15 0.98 ± 0.11 0.96 ± 0.16 0.70 ± 0.10 0.49 ± 0.09 
P 0.1903 0.6277 0.6072 0.0196 0.4740 0.9869 0.2469 0.7745 0.7480 
Eosinophil (x 109/L) 
Male SDK (n=2) 0.16 ± 0.11 0.14 ± 0.04  0.86 ± 0.61 0.77 ± 0.18 0.42 ± 0.08 0.61 ± 0.27 0.19 ± 0.03 0.35 ± 0.02 0.48 ± 0.03 
Female SDK (n=11)  0.12 ± 0.02 0.27 ± 0.04  0.19 ± 0.05 0.25 ± 0.06 0.16 ± 0.04 0.85 ± 0.18 0.54 ± 0.21 0.34 ± 0.03 0.39 ± 0.06 
P 0.3253 0.2335 0.0069 0.0065 0.0304 0.6395 0.4086 0.9307 0.5198 
Basophils (x109/L) 
Male SDK (n=2) 0.13 ± 0.03 0.18 ± 0.00 0.09 ± 0.01 0.29 ± 0.06 0.15 ± 0.01 0.23 ± 0.07 0.18 ± 0.08 0.15 ± 0.02 0.13 ± 0.01 
Female SDK (n=11)  0.21 ± 0.04 0.22 ± 0.02 0.13 ± 0.02 0.17 ± 0.02 0.17 ± 0.02 0.23 ± 0.03 0.22 ± 0.03 0.17 ± 0.02 0.15 ± 0.02 
P 0.1903 0.6277 0.6072 0.0196 0.4740 0.9869 0.2469 0.7745 0.7480 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.5.3. Least square means ± standard error of leukocytes of male and female Boer goat kids aged 3 to 10 months from un-supplementation 
does. 
 
Month October  November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
WBC (x109/L) 
Male NDK (n=2) 10.45 ± 1.18 15.70 ± 2.45 10.45 ± 2.60 13.20 ± 1.63 10.45 ± 1.99 11.80 ± 1.96 11.75 ± 2.14 9.65 ± 1.39 11.20 ± 2.05 
Female NDK (n=5)  11.84 ± 1.12 13.71± 1.55 12.80 ± 1.65 11.26 ± 1.03 13.64 ± 1.26 12.80 ± 1.24 13.62 ± 1.35 10.92 ± 0.87 12.28 ± 1.30 
P 0.5164 0.4987 0.4562 0.3295 0.1929 0.6720 0.4705 0.4490 0.6619 
Neutrophils (x109/L) 
Male NDK (n=2) 4.24 ± 0.88 8.29 ± 1.08 3.99 ± 1.27 5.76 ± 0.50 3.83 ± 0.71 4.77 ± 0.97 4.41 ± 1.03 3.72 ± 0.35 4.56 ± 0.96 
Female NDK (n=5)  3.76 ± 0.56 5.89 ± 0.68 4.81 ± 0.80 4.23 ± 0.32 4.05 ± 0.45 3.82 ± 0.61 4.62 ± 0.65 3.92 ± 0.22 4.74 ± 0.61 
P 0.6615 0.0774 0.5894 0.0381 0.7883 0.4196 0.8649 0.6360 0.8731 
Lymphocytes (x109/L) 
Male NDK (n=2) 5.52 ± 1.46 6.29 ± 1.90 4.55 ± 1.56 6.28 ± 1.64 4.75 ± 1.63 5.30 ± 1.37 6.21 ± 1.79 4.49 ± 1.38 5.57 ± 1.22 
Female NDK (n=5)  7.45 ± 0.92 6.54 ± 1.20 6.54 ± 0.99 6.01 ± 1.04 8.12 ± 1.03 6.83 ± 0.86 8.98 ± 1.13 5.86 ± 0.87 6.29 ± 0.78 
P 0.2775 0.9102 0.2685 0.8924 0.0988 0.3557 0.2088 0.411 0.6251 
Monocytes (x109/L) 
Male NDK (n=2) 0.50 ± 0.23 0.63 ± 0.32 1.55 ± 0.38 0.62 ± 0.26 1.57 ± 0.37 1.03 ± 0.26 0.59 ± 0.38 1.05± 0.25 0.70 ± 0.19 
Female NDK (n=5)  0.49 ± 0.16 0.87 ± 0.20 0.94 ± 0.24 0.77 ± 0.16 0.95 ± 0.23 0.84 ± 0.16 0.58 ± 0.24 0.63 ± 0.16 0.59 ± 0.12 
P 0.9967 0.5581 0.1894 0.6283 0.1763 0.533 0.9859 0.1725 0.659 
Eosinophil (x 109/L) 
Male NDK (n=2) 0.06 ± 0.04 0.38 ± 0.18  0.20 ± 0.03 0.36 ± 0.18 0.13 ± 0.04 0.51 ± 0.14 0.30 ± 0.23 0.20 ± 0.12 0.16 ± 0.02 
Female NDK (n=5)  0.13 ± 0.03 0.19 ± 0.06  0.24 ± 0.07 0.24 ± 0.08 0.34 ± 0.09 1.02 ± 0.28 0.19 ± 0.07 0.36 ± 0.06 0.50 ± 0.11 
P 0.2426 0.1268 0.8483 0.4885 0.0959 0.2999 0.7743 0.1083 0.0521 
Basophils (x109/L) 
Male NDK (n=2) 0.14 ± 0.01 0.13 ± 0.05 0.14 ± 0.03 0.21 ± 0.01 0.19 ± 0.13 0.18 ± 0.04 0.24 ± 0.02 0.22 ± 0.00 0.67 ± 0.17 
Female NDK (n=5)  0.18 ± 0.05 0.22 ± 0.06 0.16 ± 0.03 0.17 ± 0.03 0.16 ± 0.02 0.28 ± 0.08 0.16 ± 0.03 0.14 ± 0.02 0.18 ± 0.04 
P 0.9967 0.5581 0.1894 0.6283 0.1763 0.553 0.9589 0.1725 0.659 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.5.4. Comparison of least square means ± standard error of leukocytes of male Boer goat kids aged 2 to 10 months from protein and un-
supplemented does. 
 
Month October  November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
WBC (x109/L) 
Male SDK (n=2) 10.70 ± 1.77a 14.30 ± 2.44b 12.55 ± 2.60a 14.00 ± 1.63ab 13.75 ± 1.99a 11.25 ± 1.96a 11.90 ± 2.14a 10.45 ± 1.39a 10.10 ± 2.05a 
Male NDK (n=2) 10.45 ± 1.18acd 15.70 ± 2.45b 10.45 ± 2.60ac 13.20 ± 1.63ac 10.45 ± 1.99a 11.80 ± 1.96c 11.75 ± 2.14c 9.65 ± 1.39d 11.20 ± 2.05c 
P 0.9217 0.6906 0.5761 0.7333 0.2568 0.8452 0.9611 0.6881 0.7092 
Neutrophils (x109/L) 
Male SDK (n=2) 4.37 ± 0.88a 6.92 ± 1.08b 4.64 ± 1.27a 6.46 ± 0.50b 5.29 ± 0.71ab 4.46 ± 0.97a 4.92 ± 1.03a 5.42 ± 0.35ab 4.55 ± 0.96a 
Male NDK (n=2) 4.24 ± 0.88a 8.29 ± 1.08b 3.99 ± 1.27a 5.76 ± 0.50ab 3.83 ± 0.71a 4.77 ± 0.97a 4.41 ± 1.03a 3.72 ± 0.35a 4.56 ± 0.96a 
P 0.9149 0.3798 0.7213 0.3324 0.1624 0.8263 0.7287 0.0033 0.9913 
Lymphocytes (x109/L) 
Male SDK (n=2) 5.60 ± 1.46a 6.40 ± 1.90a 5.55 ± 1.56a 4.38 ± 1.64ab 6.61 ± 1.64a 5.00 ± 1.37a 6.16 ± 1.79a 3.92 ± 1.37b 4.41 ± 1.22ab 
Male NDK (n=2) 5.52 ± 1.46 6.29 ± 1.90 4.55 ± 1.56 6.28 ± 1.64 4.75 ± 1.63 5.30 ± 1.37 6.21 ± 1.79 4.49 ± 1.38 5.57 ± 1.22 
P 0.9695 0.9678 0.6557 0.4251 0.4312 0.8784 0.9829 0.7725 0.5185 
Monocytes (x109/L) 
Male SDK (n=2) 0.47 ± 0.26a 0.64 ± 0.32ab 1.39 ± 0.38b 1.65 ± 0.26b 1.29 ± 0.37b 0.97 ± 0.26b 0.46 ± 0.38a 0.62 ± 0.25ab 0.55 ± 0.20a 
Male NDK (n=2) 0.50 ± 0.23 0.63 ± 0.32 1.55 ± 0.38 0.62 ± 0.26 1.57 ± 0.37 1.03 ± 0.26 0.59 ± 0.38 1.05± 0.25 0.70 ± 0.19 
P 0.9345 0.9895 0.7693 0.0121 0.5981 0.8692 0.8197 0.2388 0.6173 
Eosinophil (x 109/L) 
Male SDK (n=2) 0.16 ± 0.11a 0.14 ± 0.04a  0.86 ± 0.61b 0.77 ± 0.18b 0.42 ± 0.08a 0.61 ± 0.27b 0.19 ± 0.03a 0.35 ± 0.02a 0.48 ± 0.03ab 
Male NDK (n=2) 0.06 ± 0.04 0.38 ± 0.18  0.20 ± 0.03 0.36 ± 0.18 0.13 ± 0.04 0.51 ± 0.14 0.30 ± 0.23 0.20 ± 0.12 0.16 ± 0.02 
P 0.1625 0.1136 0.0366 0.0919 0.0600 0.846 0.8199 0.1789 0.1014 
Basophils (x109/L) 
Male SDK (n=2) 0.13 ± 0.03ab 0.18 ± 0.00a 0.09 ± 0.01b 0.29 ± 0.06a 0.15 ± 0.01a 0.23 ± 0.07a 0.18 ± 0.08a 0.15 ± 0.02a 0.13 ± 0.01ab 
Male NDK (n=2) 0.14 ± 0.01a 0.13 ± 0.05a 0.14 ± 0.03a 0.21 ± 0.01b 0.19 ± 0.13ab 0.18 ± 0.04ab 0.24 ± 0.02b 0.22 ± 0.00b 0.67 ± 0.17 c 
P 0.9345 0.9895 0.7693 0.0121 0.5981 0.8692 0.8197 0.2388 0.6173 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.5.5. Comparison of least square means ± standard error of leukocytes of female of Boer goat kids aged 2 to 10 months from protein and un-
supplemented does. 
 
Month October  November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
WBC (x10
9
/L) 
Female SDK (n=12) 12.47 ± 0.76
a
 15.94 ± 1.00
b
 12.68 ± 1.06
a
 11.78 ± 0.68
a
 13.16 ± 0.81
ab
 13.46 ± 0.80
ab
 13.18 ± 0.87
ab
 11.43 ± 0.57
a
 10.83 ± 0.84
a
 
Female NDK (n=5) 11.84 ± 1.12 13.71± 1.55 12.80 ± 1.65 11.26 ± 1.03 13.64 ± 1.26 12.80 ± 1.24 13.62 ± 1.35 10.92 ± 0.87 12.28 ± 1.30 
P 0.6503 0.2399 0.9499 0.6854 0.7516 0.6613 0.7858 0.6343 0.3618 
Neutrophils (x10
9
/L) 
Female SDK (n=11) 4.00 ± 0.43
 a
 6.76 ± 0.44
b
 5.53 ± 0.52
ab
 5.17 ± 0.20
ab
 5.22 ± 0.29
ab
 5.26 ± 0.40
ab
 5.02 ± 0.42
ab
 4.41 ± 0.14
a
 4.52 ± 0.39
a
 
Female NDK (n=5) 3.76 ± 0.56 5.89 ± 0.68 4.81 ± 0.80 4.23 ± 0.32 4.05 ± 0.45 3.82 ± 0.61 4.62 ± 0.65 3.92 ± 0.22 4.74 ± 0.61 
P 0.7484 0.2989 0.4634 0.0630 0.0437 0.0635 0.6048 0.0814 0.7575 
Lymphocytes (x10
9
/L) 
Female SDK (n=11) 7.45 ± 0.92 6.54 ± 1.20 6.54 ± 0.99 6.01 ± 1.04 8.12 ± 1.03 6.83 ± 0.86 8.98 ± 1.13 5.86 ± 0.87 6.29 ± 0.78 
Female NDK (n=5) 6.33 ± 0.64
ab
 7.90 ± 0.77
a
 5.61 ± 0.64
ab
 5.92 ± 0.67
ab
 6.50 ± 0.68
ab
 6.14 ± 0.56
ab
 6.69 ± 0.73
ab
 5.81 ± 0.56
ab
 5.28 ± 0.50
b
 
P 0.3286 0.3561 0.3862 0.9441 0.2033 0.5081 0.1079 0.9623 0.2930 
Monocytes (x10
9
/L) 
Female SDK (n=11) 0.85 ± 0.11
ab
 0.81 ± 0.13
ab
 1.17 ± 0.15
b
 0.93 ± 0.11
ab
 0.99 ± 0.15
ab
 0.98 ± 0.11
ab
 0.96 ± 0.16
ab
 0.70 ± 0.10
ac
 0.49 ± 0.09
c
 
Female NDK (n=5) 0.49 ± 0.16
ab
 0.87 ± 0.20
bc
 0.94 ± 0.24
c
 0.77 ± 0.16
bc
 0.95 ± 0.23
c
 0.84 ± 0.16
bc
 0.58 ± 0.24
abc
 0.63 ± 0.16
abc
 0.59 ± 0.12
abc
 
P 0.0908 0.8398 0.4139 0.433 0.8763 0.4873 0.2063 0.7212 0.4820 
Eosinophil (x 10
9
/L) 
Female SDK (n=11) 0.13 ± 0.03
a
 0.19 ± 0.06
b
 0.24 ± 0.07
b
 0.24 ± 0.08
b
 0.34 ± 0.09
b
 1.02 ± 0.28
c
 0.19 ± 0.07
b
 0.36 ± 0.06
b
 0.50 ± 0.11
bc
 
Female NDK (n=5) 0.12 ± 0.02
a
 0.27 ± 0.04
bce
 0.19 ± 0.05
ab
 0.25 ± 0.06
bde
 0.16 ± 0.04
ab
 0.85 ± 0.18
cd
 0.54 ± 0.21
de
 0.34 ± 0.03
e
 0.39 ± 0.06
e
 
P 0.5452 0.2613 0.6572 0.9855 0.0297 0.5396 0.2320 0.8771 0.3449 
Basophils (x10
9
/L) 
Female SDK (n=11) 0.21 ± 0.04
a
 0.22 ± 0.02
a
 0.13 ± 0.02
b
 0.17 ± 0.02
ab
 0.17 ± 0.02
ab
 0.23 ± 0.03
a
 0.22 ± 0.03
a
 0.17 ± 0.02
ab
 0.15 ± 0.02
b
 
Female NDK (n=5) 0.18 ± 0.05 0.22 ± 0.06 0.16 ± 0.03 0.17 ± 0.03 0.16 ± 0.02 0.28 ± 0.08 0.16 ± 0.03 0.14 ± 0.02 0.18 ± 0.04 
P 0.0908 0.8398 0.4139 0.4330 0.8763 0.4873 0.2063 0.7212 0.4832 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.6.1. Least square means ± standard error of erythrocytes in protein supplemented and un-supplemented does. 
 
Month August September October November December January February March April May June 
SupD (n) 13 12 8 8 8 8 8 8 8 8 8 
NSupD (n) 13 13 11 11 11 10 10 10 10 10 10 
RBC (x 1012/L) 
SupD  10.15 ± 0.43a 9.83 ± 0.50a 10.29 ± 0.34a 10.15 ± 0.54a 10.68 ± 0.51ab 9.09 ± 0.52a 11.59 ± 0.33bc 11.31 ± 0.87b 11.38 ± 0.79b 12.02 ± 0.27c 11.31 ± 0.42b 
NSupD  10.14 ± 0.42ab 10.01 ± 0.51ab 10.85 ± 0.36ab 11.43 ± 0.59ac 11.51 ± 0.57ac 9.80 ± 0.56b 12.17 ± 0.37c 12.16 ± 0.95c 11.37 ± 0.89abc 11.95 ± 0.30c 10.94 ± 0.46ac 
P  0.9838 0.808 0.2724 0.119 0.2897 0.3612 0.2543 0.911 0.9912 0.8581 0.5612 
Haemoglobin (g/dL) 
SupD  7.46 ± 0.40ab 6.94 ± 0.49a 7.25 ± 0.36a 7.31 ± 0.49a 6.53 ± 0.37a 8.48 ± 0.38b 8.13 ± 0.36bc 8.12 ± 0.36bc 8.39 ± 0.46bc 9.03 ± 0.28c 8.57 ± 0.40bc 
NSupD  7.43 ± 0.38a 6.94 ± 0.50a 7.77 ± 0.40abc 8.12 ± 0.53abcd 6.97 ± 0.43a 8.45 ± 0.42bcd 8.51 ± 0.38c 8.52 ± 0.38c 8.11 ± 0.50ab 9.08 ± 0.30d 8.06 ± 0.42abcd 
P  0.9646 0.9979 0.3219 0.2684 0.3102 0.4307 0.9584 0.4664 0.6861 0.9024 0.3832 
PCV (%) 
SupD  23.4 ± 1.14a 24.5 ± 0.87ab 24.4 ± 0.64ab 24.8 ± 0.96ab 24.0 ± 0.91ab 22.8 ± 0.87a 24.8 ± 0.72ab 24.5 ± 0.85ab 23.9 ± 1.38ab 25.1 ± 1.08b 23.0 ± 1.05ab 
NSupD  24.3 ± 1.18ab 22.5 ± 0.85a 23.4 ± 0.62ab 22.4 ± 0.86a 22.6 ± 0.78a 21.9 ± 0.78a 25.1 ± 0.64b 23.9 ± 0.79ab 24.6 ± 1.29b 24.3 ± 0.98b 23.5 ± 0.98ab 
P  0.5971 0.9862 0.2563 0.0731 0.2367 0.4510 0.7381 0.6209 0.7619 0.5866 0.7544 
MCV (fL) 
SupD  24.47 ± 0.86a 23.15 ± 0.68a 22.98 ± 0.65abd 22.52 ± 0.68ab 21.47 ± 0.60bcd 24.43 ± 0.79a 21.45 ± 0.60cd 21.38 ± 0.57bc 21.46 ± 0.63c 21.00 ± 0.68c 21.34 ± 0.57d 
NSupD  23.81 ± 0.82 23.04 ± 0.67 23.08 ± 0.67 22.03 ± 0.71 21.03± 0.61 23.49 ± 0.84 21.48 ± 0.62 21.00 ± 0.59 21.59 ± 0.65 22.13 ± 0.73 22.15± 0.60 
P  0.5864 0.9124 0.916 0.6222 0.6074 0.4202 0.9732 0.6461 0.8840 0.2581 0.3356 
MCH (pg) 
SupD  7.24 ± 0.22abd 7.12 ± 0.02ab 7.02 ± 0.11ab 7.25 ± 0.19abd 6.87 ± 0.15a 7.01 ± 0.12ab 7.28 ± 0.10bd 7.09 ± 0.10a 7.08 ± 0.13a 7.52 ± 0.11c 7.44 ± 0.10d 
NSupD  7.19 ± 0.14ab 6.93 ± 0.11a  7.12 ± 0.12ab 7.06 ± 0.21ab 7.05 ± 0.17ab 7.13 ± 0.14ab 7.24 ± 0.11ab 7.14 ± 0.11ab 7.00 ± 0.14ab 7.54 ± 0.12b 7.44 ± 0.11b 
P  0.4887 0.3278 0.5209 0.5123 0.4376 0.5222 0.7956 0.7691 0.6811 0.9147 0.972 
MCHC (g/dL) 
SupD  30.15 ± 1.02a 30.17 ± 0.85a 30.67 ± 0.81ac 31.74 ± 0.88ab 32.43 ± 1.23ab 29.25 ± 0.77a 34.18 ± 1.41bcd 33.67 ± 1.14bcd 33.62 ± 1.39cd 36.58 ± 1.46d 35.45 ± 1.20d 
NSupD  30.32 ± 0.98ab 29.90 ± 0.85ab  30.58 ± 0.80ab 31.79 ± 1.00abc 33.37 ± 1.27ab 29.48 ± 0.79a 33.56 ± 1.41bc 33.68 ± 1.15bc 32.06 ± 1.40abc 34.95 ± 1.44c 33.32 ± 1.21bc 
P  0.9036 0.8242 0.6349 0.9708 0.6022 0.8387 0.7588 0.9987 0.4356 0.4313 0.2224 
RDW (%CV) 
SupD  32.03 ± 1.22abd 31.54 ± 1.23ad 30.65 ± 1.03a 32.67 ± 1.18abcd 31.70 ± 1.06ad 35.94 ± 2.29bcd 36.16 ± 1.15cd 33.78 ± 1.12d 36.11 ± 1.52cd 36.92 ± 1.25cd 35.21 ± 1.04bc 
NSupD  32.37 ± 1.41abc 30.64 ± 1.26ab 30.83 ± 1.07ab 34.57 ± 1.33bc 33.30 ± 1.20abc 34.51 ± 2.53c 34.60 ± 1.30c 34.54 ± 1.26c 35.41 ± 1.71c 36.79 ± 1.40c 33.99 ± 1.15ab 
P  0.06887 0.4871 0.9086 0.2892 0.3229 0.6776 0.3731 0.6554 0.7602 0.9512 0.4343 
n Number of animals 
a,b,c,d  
Means within a row with different superscripts are significantly different (P<0.05) 
SupD - Protein supplemented does 
NSupD - Un-supplemented does 
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Table 6.3.6.2. Least square means ± standard error of erythrocytes of male and female Boer goats aged 3 to 10 months from protein supplemented 
does. 
 
Month October November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
RBC (x 1012/L) 
Male SDK (n=2) 12.25 ± 0.49 12.60 ± 0.37 12.25 ± 1.36 9.752 ± 1.00 11.85 ± 0.56 10.53 ± 0.83 8.18 ± 1.53 9.43 ± 0.85 12.00 ± 0.46 
Female SDK (n=12)  12.11 ± 0.21 12.49 ± 0.15 11.14 0.56 11.86 ± 0.63 11.85 ± 0.23 10.61 ± 0.34 9.25 ± 0.63 10.27 ± 0.35 11.92 ± 0.19 
P 0.7997 0.7911 0.4625 0.0649 0.9979 0.9321 0.5296 0.371 0.868 
Haemoglobin (g/dL) 
Male SDK (n=2) 8.62 ± 0.73 9.36 ± 0.71 8.78 ± 1.20 6.47 ± 0.54 7.91 ± 0.57 6.83 ± 0.63 6.27 ± 0.36 6.45 ±0 .59 8.81 ±0 .58 
Female SDK (n=12)  8.51 ± 0.30 9.11 ± 0.29 7.82 ± 0.49 8.29 ± 0.34 8.39 ± 0.24 7.12 ± 0.23 5.26 ± 0.88 7.19 ± 0.24 8.87 ± 0.23 
P 0.8866 0.7486 0.4578 0.0321 0.4509 0.6777 0.2383 0.2524 0.9164 
PCV (%) 
Male SDK (n=2) 24.5 ± 1.96 24.6 ± 1.10 23.2 ± 2.30 22.3 ± 0.79 23.7 ± 0.91 22.7 ± 1.19 19.9 ± 2.38 21.5 ± 1.30 25.3 ± 0.90 
Female SDK (n=12)  24.2 ± 1.24 23.9 ± 0.69 22.9 ± 1.46 25.7 ± 0.50 25.2 ± 0.58 24.0 ± 0.75 24.3± 1.51 24.3 ± 0.82 25.3 ± 0.57 
P 0.8273 0.6213 0.5657 0.0102 0.1364 0.0610 0.0210 0.0376 0.8062 
MCV (fL) 
Male SDK (n=2) 19.95 ± 1.05 19.45 ± 0.69 18.95 ± 0.98 20.15 ± 1.97 21.55 ± 1.03 19.90 ± 0.91 23.95 ± 1.64 22.75 ± 1.28 21.05 ± 0.96 
Female SDK (n=12)  20.64 ± 0.43 20.16 ± 0.28 19.83 ± 0.40 24.73 ± 0.80 22.12 ± 0.42 21.37 ± 0.37 24.77 ± 0.67 22.54 ± 0.52 20.93 ± 0.39 
P 0.5495 0.7602 0.4204 0.4671 0.6799 0.1537 0.6497 0.8818 0.9055 
MCH (pg) 
Male SDK (n=2) 7.01 ± 0.30 7.42 ± 0.42 7.16 ± 0.43 7.03 ± 0.28 6.67 ± 0.19 6.50 ± 0.18 6.24 ± 0.27 6.83 ± 0.19 7.35 ± 0.19 
Female SDK (n=12)  7.09 ± 0.13 7.28 ± 0.17 6.97 ± 0.18 7.10 ± 0.12 7.07 ± 0.08 6.70 ± 0.07 6.75 ± 0.11 7.02 ± 0.09 7.43 ± 0.07 
P 0.784 0.7535 0.6970 0.8161 0.0674 0.3068 0.0979 0.3662 0.6989 
MCHC (g/dL) 
Male SDK (n=2) 35.20 ± 2.30 38.15 ± 2.52  37.80 ± 3.12 28.90 ± 1.63 33.45 ± 1.85 30.15 ± 1.65 25.95 ± 1.36 21.95 ± 1.29 35.00 ± 1.89 
Female SDK (n=12)  34.86 ± 0.96 36.18 ± 1.03 35.49 ± 1.27 32.20 ± 1.03 36.56 ± 1.17 31.39 ± 0.67 27.40 ± 0.56 31.31 ± 0.53 36.66 ± 0.77 
P 0.8918 0.4807 0.5024 0.1959 0.3246 0.4962 0.3353 0.3429 0.751 
RDW (%CV) 
Male SDK (n=2) 35.50 ± 2.78 35.20 ± 1.61 32.75 ± 2.42 43.20 ± 6.84 37.85 ± 2.48 32.25 ± 2.44 30.55 ± 3.71 31.45 ± 2.81 36.40 ± 2.16 
Female SDK (n=12)  35.57 ± 1.21 36.44 ± 0.66 33.54 ± 0.99 44.75 ± 2.79 37.50 ± 1.01 32.73 ± 1.00 31.39 ± 1.52 32.86 ± 1.15 31.61 ± 0.88 
P 0.5043 0.4862 0.7655 0.8362 0.8976 0.8568 0.8363 0.6491 0.7409 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.6.3. Least square means ± standard error of erythrocytes in male and female Boer goat kids aged 3 to 10 months from un-supplemented does. 
 
Month October November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
RBC (x 1012/L) 
Male NDK (n=2) 12.50 ± 0.31 12.556 ± 0.37 11.85 ± 1.36 10.10 ± 1.00 11.95 ± 0.56 10.21 ± 0.83 8.26 ± 1.54 9.20 ± 0.85 11.40 ± 0.46 
Female NDK (n=5)  12.32 ± 0.31 12.32± 0.24 12.04 ± 0.86 10.22 ± 0.41 12.62 ± 0.36 11.73 ± 0.53 9.62 ± 0.97 11.40 ± 0.54 12.54 ± 0.30 
P 0.7619 0.6087 0.9076 0.1564 0.3302 0.1397 0.4633 0.0427 0.0503 
Haemoglobin (g/dL) 
Male NDK (n=2) 8.68 ± 0.73 9.19 ± 0.71 7.99 ± 1.20 6.56 ± 0.54 8.19± 0.57 6.41 ± 0.63 5.13 ± 0.88 5.96 ± 0.59 8.42 ± 0.56 
Female NDK (n=5)  8.90 ± 0.46 9.46 ± 0.45 9.02 ± 0.76 7.18 ± 0.22 9.23 ± 0.36 7.95 ± 0.40 6.97 ± 0.55 8.00 ± 0.37 9.56 ± 0.35 
P 0.8037 0.7502 0.4766 0.1052 0.1429 0.0554 0.0927 0.0089 0.1022 
PCV (%) 
Male NDK (n=2) 24.5± 1.96 23.9 ± 1.10 22.1± 2.30 22.8 ± 0.79 23.5 ± 0.91 20.8 ± 1.19 19.3 ± 2.39 19.6 ± 1.30 22.8 ± 0.90 
Female NDK (n=5)  24.9 ± 0.80 25.2 ± 0.45 21.7 ± 0.94 24.8 ± 0.32 25.2 ± 0.37 23.2 ± 0.49 23.6 ± 0.97 22.9 ± 0.53 25.0 ± 0.37 
P 0.9830 0.1880 0.8061 0.0475 0.1257 0.0347 0.0315 0.0264 0.0281 
MCV (fL) 
Male NDK (n=2) 19.45 ± 1.05 19.05 ± 0.69 18.60 ± 0.98 22.60 ± 1.97 19.70 ± 1.03 20.35 ± 0.91 23.30 ± 1.64 21.30 ± 1.28 19.95 ± 0.96 
Female NDK (n=5)  19.68 ± 0.67 19.40 ± 0.44 18.96 ± 0.62 21.76 ± 1.25 20.04 ± 0.65 20.52 ± 0.58 23.22 ± 1.03 21.40 ± 0.81 20.16 ± 0.61 
P 0.8557 0.6729 0.2576 0.7231 0.7835 0.8763 0.9675 0.9481 0.8556 
MCH (pg) 
Male NDK (n=2) 6.96 ± 0.30 7.32 ± 0.42  6.74 ± 0.43 6.50 ± 0.28 6.87 ± 0.19 6.26 ± 0.18 6.21 ± 0.27 6.47± 0.19 6.93 ± 0.19 
Female NDK (n=5)  7.22 ± 0.19 7.68 ± 0.26  7.50 ± 0.27 6.85 ± 0.18 7.31 ± 0.12 6.76 ± 0.11 6.23 ± 0.17 7.03 ± 0.12 7.62 ± 0.12 
P 0.4568 0.4731 0.1555 0.3073 0.0688 0.0284 0.2131 0.0262 0.0064 
MCHC (g/dL) 
Male NDK (n=2) 35.75 ± 2.30 36.18 ± 1.03  36.20 ± 3.18 28.75 ± 1.63 34.95 ± 1.85 30.75 ± 1.65 26.60 ± 1.36 30.45 ± 1.29 34.75 ± 1.89 
Female NDK (n=5)  36.76 ± 1.46 39.62 ± 1.60  39.64 ± 1.97 29.13 ± 0.66 33.26 ± 0.75 33.00 ± 1.05 28.68 ± 0.86 39.92 ± 0.82 37.82 ± 1.20 
P 0.7155 0.6882 0.3642 0.2908 0.4712 0.2659 0.2139 0.1237 0.1876 
RDW (%CV) 
Male NDK (n=2) 34.90 ± 2.78 36.55 ± 1.61 32.25 ± 2.42 38.15 ± 6.84 35.00 ± 2.48 35.45 ± 2.44 30.00 ± 3.71 28.95 ± 2.81 33.60 ± 2.16 
Female NDK (n=5)  35.42 ± 1.76 34.10 ± 1.02 32.38 ± 1.52 40.42 ± 4.32 38.60 ± 1.57 36.78 ± 1.54 34.78 ± 2.35 35.64 ± 1.78 38.84 ± 1.36 
P 0.8764 0.2169 0.9643 0.7824 0.2366 0.6512 0.292 0.0607 0.0558 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.6.4. Least square means ± standard error of erythrocytes of male kids groups aged 2 to 10 months from protein and un-supplemented does. 
 
Month October November December January February March April May June 
Animal age (month) 2 3 4 5 6 7 8 9 10 
RBC (x 1012/L) 
Male SDK (n=2) 12.25 ± 0.49a 12.60 ± 0.37a 12.25 ± 1.36a 9.75 ± 1.00b 11.85 ± 0.56a 10.53 ± 0.83ab 8.18 ± 1.53b 9.43 ± 0.85b 12.00 ± 0.46a 
Male NDK (n=2) 12.50 ± 0.31a 12.56 ± 0.37a 11.85 ± 1.36a 10.10 ± 1.00ab 11.95 ± 0.56a 10.21 ± 0.83a 8.26 ± 1.54b 9.20 ± 0.85ab 11.40 ± 0.46a 
P 0.7249 0.9255 0.8381 0.8054 0.9019 0.7885 0.9729 0.8535 0.3665 
Haemoglobin (g/dL) 
Male SDK (n=2) 8.62 ± 0.73 9.36 ± 0.71 8.78 ± 1.20 6.47 ± 0.54 7.91 ± 0.57 6.83 ± 0.63 6.27 ± 0.36 6.45 ±0 .59 8.81 ±0 .58 
Male NDK (n=2) 8.68 ± 0.73a 9.19 ± 0.71a 7.99 ± 1.20a 6.56 ± 0.54a 8.19 ± 0.57a 6.41 ± 0.63a 5.13 ± 0.88b 5.96 ± 0.59a 8.42 ± 0.56a 
P 0.9543 0.8643 0.6486 0.9080 0.7393 0.6411 0.9145 0.5657 0.6317 
PCV (%) 
Male SDK (n=2) 24.5 ± 1.96 24.6 ± 1.10 23.2 ± 2.30 22.3 ± 0.79 23.7 ± 0.91 22.7 ± 1.19 19.9 ± 2.38 21.5 ± 1.30 25.3 ± 0.90 
Male NDK (n=2) 24.5± 1.96 23.9 ± 1.10 22.1± 2.30 22.8 ± 0.79 23.5 ± 0.91 20.8 ± 1.19 19.3 ± 2.39 19.6 ± 1.30 22.8 ± 0.90 
P 0.9432 0.6824 0.7399 0.6593 0.9089 0.2880 0.8495 0.3173 0.0654 
MCV (fL) 
Male SDK (n=2) 19.95 ± 1.05a 19.45 ± 0.69a 18.95 ± 0.98b 20.15 ± 1.97ac 21.55 ± 1.03c 19.90 ± 0.91a 23.95 ± 1.64ac 22.75 ± 1.28ac 21.05 ± 0.96ac 
Male NDK (n=2) 19.45 ± 1.05a 19.05 ± 0.69a 18.60 ± 0.98a 22.60 ± 1.97a 19.70 ± 1.03a 20.35 ± 0.91a 23.30 ± 1.64b 21.30 ± 1.28a 19.95 ± 0.96a 
P 0.7412 0.3542 0.8038 0.8459 0.2208 0.7307 0.7821 0.4336 0.4294 
MCH (pg) 
Male SDK (n=2) 7.01 ± 0.30 7.42 ± 0.42 7.16 ± 0.43 7.03 ± 0.28 6.67 ± 0.19 6.50 ± 0.18 6.24 ± 0.27 6.83 ± 0.19 7.35 ± 0.19 
Male NDK (n=2) 6.96 ± 0.30 7.32 ± 0.42  6.74 ± 0.43 6.50 ± 0.28 6.87 ± 0.19 6.26 ± 0.18 6.21 ± 0.27 6.47± 0.19 6.93 ± 0.19 
P 0.9064 0.8612 0.5034 0.2048 0.4632 0.3596 0.9489 0.2146 0.1289 
MCHC (g/dL) 
Male SDK (n=2) 35.20 ± 2.30ab 38.15 ± 2.52a  37.80 ± 3.12a 28.90 ± 1.63bcd 33.45 ± 1.85ab 30.15 ± 1.65b 25.95 ± 1.36cd 21.95 ± 1.29d 35.00 ± 1.89ab 
Male NDK (n=2) 35.75 ± 2.30a 36.18 ± 1.03a  36.20 ± 3.18a 28.75 ± 1.63bc 34.95 ± 1.85ac 30.75 ± 1.65bc 26.60 ± 1.36b 30.45 ± 1.29c 34.75 ± 1.89ac 
P 0.8679 0.945 0.7212 0.9488 0.5273 0.8005 0.7398 0.7872 0.9266 
RDW (%CV) 
Male SDK (n=2) 35.50 ± 2.78a 35.20 ± 1.61a 32.75 ± 2.42a 43.20 ± 6.84b 37.85 ± 2.48ab 32.25 ± 2.44a 30.55 ± 3.71a 31.45 ± 2.81a 36.40 ± 2.16ab 
Male NDK (n=2) 34.90 ± 2.78a 36.55 ± 1.61a 32.25 ± 2.42abc 38.15 ± 6.84a 35.00 ± 2.48a 35.45 ± 2.44a 30.00 ± 3.71bc 28.95 ± 2.81c 33.60 ± 2.16ab 
P 0.7265 0.5622 0.8855 0.4276 0.3672 0.3178 0.5383 0.3717 0.3516 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.6.5. Least square means ± standard error of erythrocytes in female Boer goat kids aged 3 to 10 months. 
Month October November December January February March April May June 
Animal age (mth) 2 3 4 5 6 7 8 9 10 
RBC (x 1012/L) 
Female SDK (n=12) 12.11 ± 0.21
a
 12.49 ± 0.15
a
 11.14 0.56
a
 11.86 ± 0.63
a
 11.85 ± 0.23
a
 10.61 ± 0.34
ab
 9.25 ± 0.63
b
 10.27 ± 0.35
ab
 11.92 ± 0.19
a
 
Female NDK (n=5) 12.32 ± 0.31
a
 12.32± 0.24
a
 12.04 ± 0.86
a
 10.22 ± 0.41
ab
 12.62 ± 0.36
a
 11.73 ± 0.0.53
a
 9.62 ± 0.97
b
 11.40 ± 0.54
a
 12.54 ± 0.30
a
 
P 0.5886 0.5487 0.3944 0.0446 0.0873 0.0897 0.7504 0.0942 0.0879 
Haemoglobin (g/dL) 
Female SDK (n=12) 8.51 ± 0.30
a
 9.11 ± 0.29
a
 7.82 ± 0.49
a
 8.29 ± 0.34
b
 8.39 ± 0.24
a
 7.12 ± 0.23
b
 5.26 ± 0.88
b
 7.19 ± 0.24
b
 8.87 ± 0.23
a
 
Female NDK (n=5) 8.90 ± 0.46
ab
 9.46 ± 0.45
a
 9.02 ± 0.76
a
 7.18 ± 0.22
bc
 9.23 ± 0.36
a
 7.95 ± 0.40
b
 6.97 ± 0.55
c
 8.00 ± 0.37
b
 9.56 ± 0.35
a
 
P 0.4869 0.5245 0.2047 0.0144 0.0688 0.1009 0.4115 0.0836 0.1182 
PCV (%) 
Female SDK (n=12) 24.9 ± 0.80
ab
 25.2 ± 0.45
a
 21.7 ± 0.94
b
 24.8 ± 0.32
a
 25.2 ± 0.37
a
 23.2 ± 0.49
b
 23.6 ± 0.97
b
 22.9 ± 0.53
b
 25.0 ± 0.37
a
 
Female NDK (n=5) 24.2 ± 1.24
abc
 23.9 ± 0.69
ac
 22.9 ± 1.46
a
 25.70 ± 0.50
bc
 25.2 ± 0.58
c
 24.0 ± 0.75
abc
 24.3± 1.51
abc
 24.3 ± 0.82
abc
 25.3 ± 0.57
c
 
P 0.6323 0.1572 0.5574 0.1162 0.9448 0.3767 0.5696 0.1606 0.6714 
MCV (fL) 
Female SDK (n=12) 20.64 ± 0.43
acd
 20.16 ± 0.28
ad
 19.83 ± 0.40
a
 24.73 ± 0.80
bc
 22.12 ± 0.42
cd
 21.37 ± 0.37
d
 24.77 ± 0.67
b
 22.54 ± 0.52
c
 20.93 ± 0.39
d
 
Female NDK (n=5) 19.68 ± 0.67
ac
 19.40 ± 0.44
ac
 18.96 ± 0.62
a
 21.76 ± 1.25
bd
 20.04 ± 0.65
cd
 20.52 ± 0.58
d
 23.22 ± 1.03
b
 21.40 ± 0.81
bc
 20.16 ± 0.61
c
 
P 0.2406 0.1617 0.9932 0.0612 0.0207 0.2330 0.2259 0.2518 0.3050 
MCH (pg) 
Female SDK (n=12) 7.09 ± 0.13 7.28 ± 0.17 6.97 ± 0.18 7.10 ± 0.12 7.07 ± 0.08 6.70 ± 0.07 6.75 ± 0.11 7.02 ± 0.09 7.43 ± 0.07 
Female NDK (n=5) 7.22 ± 0.19
abc
 7.68 ± 0.26
ae
 7.50 ± 0.27
abe
 6.85 ± 0.18
bcd
 7.31 ± 0.12
ab
 6.76 ± 0.11
cd
 6.23 ± 0.17
d
 7.03 ± 0.12
abc
 7.62 ± 0.12
e
 
P 0.5795 0.2186 0.1236 0.2615 0.1150 0.6353 0.5551 0.9520 0.2022 
MCHC (g/dL) 
Female SDK (n=12) 34.86 ± 0.96
a
 36.18 ± 1.03
a
 35.49 ± 1.27
ac
 32.20 ± 1.03
b
 36.56 ± 1.17
a
 31.39 ± 0.67
b
 27.40 ± 0.56
b
 31.31 ± 0.53
b
 36.66 ± 0.77
a
 
Female NDK (n=5) 36.76 ± 1.46
abc
 39.62 ± 1.60
a
 39.64 ± 1.97
a
 29.13 ± 0.66
bc
 33.26 ± 0.75
b
 33.00 ± 1.05
bc
 28.68 ± 0.86
c
 39.92 ± 0.82
a
 37.82 ± 1.20
a
 
P 0.2896 0.0884 0.0952 0.0227 0.0296 0.2135 0.2315 0.1150 0.1470 
RDW (%CV) 
Female SDK (n=12) 35.57 ± 1.21
acd
 36.44 ± 0.66
ad
 33.54 ± 0.99
acd
 44.75 ± 2.79
bc
 37.50 ± 1.01
c
 32.73 ± 1.00
acd
 31.39 ± 1.52
d 
 32.86 ± 1.15
acd
 31.61 ± 0.88
d
 
Female NDK (n=5) 35.42 ± 1.76
ac
 34.10 ± 1.02
ac
 32.38 ± 1.52
ac 
40.42 ± 4.32
b
 38.60 ± 1.57
ab
 36.78 ± 1.54
abc
 34.78 ± 2.35
c
 35.64 ± 1.78
ac
 38.84 ± 1.36
ab
 
P 0.9443 0.0709 0.5318 0.4118 0.5634 0.0418 0.2422 0.2067 0.0636 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.7.1. Least square means ± standard error of immunoglobulins (IgG, IgA, IgM) in protein supplemented and un-supplemented does. 
 
Month 
SupD 
(n) 
NSupD 
(n) 
IgG IgA IgM 
SupD  NSupD P  SupD  NSupD P  SupD  NSupD P  
August 13 13 
4.62 ± 
1.44
a
 
4.29 ± 
1.37
a
 
0.08531 0 
2.14 ± 
1.14
a
 
0.0850 
2,246.15 ± 
958.87
a
 
2,928.57 ± 
1,024.24
a
 
0.2879 
September 12 13 
81.54 ± 
76.55
ac
 
3.33 ± 
1.42
a
 
0.0508 
11.54 ± 
7.50
a
 
10.83 ± 
8.21
a
 
0.6190 
1,553.85 ± 
709.97
ab
 
1,500.00 ± 
8,18.23
b
 
0.2990 
October  
8 11 
3.08 ± 
1.33
a
 
5.00 ± 
1.51
a
 
0.3508 
10.77 ± 
7.55
a
 
12.50 ± 
8.08
a
 
0.6245 
1,138.46 ± 
747.78
b
 
1,675.00 ± 
760.50
a
 
0.0940 
November 8 11 
2,227.27 ± 
1,165.73
b
 
527.50 ± 
178.99
b
 
0.0463 
6.36 ± 
1.52
a
 
15.00 ± 
12.25
a
 
0.2807 
1,736.36 ± 
830.36
ab
 
1,900.00 ± 
1,166.04
a
 
0.4593 
December 8 11 
5,545.45 ± 
4,752.18
b
 
525.00 ± 
515.65
b
 
0.0301 
165.45 ± 
84.16
b
 
53.75 ± 
17.52
ab
 
0.0260 
2,309.09 ± 
1,153.61
a
 
3,137.50 ± 
1,501.54
a
 
0.3949 
January 8 10 
10,144.00 
± 9,844.51
b
 
325.00 ± 
147.30
b
 
0.0297 
35.00 ± 
14.24
a
 
40.00 ± 
17.63
ab
 
0.5366 
2,800.00 ± 
1,200.00
a
 
5,387.50 ± 
1,746.76
ab
 
0.3692 
February 8 10 
154.00 ± 
95.06
c
 
88.75 ± 
11.25
c
 
0.5690 
42.00 ± 
13.33
a
 
52.50 ± 
18.04
ab
 
0.0042 
3,700.00 ± 
1,374.77
a
 
5,500.00 ± 
1,700.84
ab
 
0.2861 
March 8 10 
173.00 ± 
113.75
c
 
178.75 ± 
118.37
c
 
0.3362 
108.00 ± 
99.12
b
 
40.00 ± 
17.63
ab
 
0.0482 
2,620.00 ± 
1,235.48
a
 
3,250.00 ± 
1,472.97
a
 
0.3638 
April 8 10 
271.00 ± 
121.82
c
 
100.00 ± 
0.00
c
 
0.0544 
107.00 ± 
99.23
b
 
62.50 ± 
18.30
b
 
0.0866 
3,610.00 ± 
1,397.18
a
 
2,012.50 ± 
1,146.49
a
 
0.4036 
May 8 10 
190.00 ± 
90.00
c
 
53.75 ± 
17.53
c
 
0.0799 
36.00 ± 
14.00
a
 
3.75 ± 
1.83
a
 0.0430 
2,200.00 ± 
1,200.00
a
 
1,900.00 ± 
1,116.04
a
 0.4947 
June 8 10 
172.00 ± 
92.76
c
 
65.00 ± 
17.11
c
 
0.2154 
14.00 ± 
9.68
a
 
2.50 ± 
1.64
a
 0.0629 
1,900.00 ± 
900.00
ab
 
1,100.00 ± 
642.00
a
 0.0120 
n Number of animals 
a,b,c  
Means within a column with different superscripts are significantly different (P<0.05) 
SupD - Protein supplemented does 
NSupD - Un-supplemented does 
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6.3.7.2. Means ± standard error of immunoglobulins (IgG, IgA, IgM) of Boer goat kids aged 2 to 10 months from protein supplemented does. 
 
Month 
Age 
(month) 
IgG IgA IgM 
Male (n=2) 
Female 
(n=12)  
P  Male (n=2) 
Female 
(n=12)  
P  Male (n=2) 
Female 
(n=12)  
P  
October  2 0 2.86 ± 1.84 0.2161 0 1.43 ± 1.43 0.0269 100.0 ± 0.00 1,000.0 ± 0.00 0.1119 
November 3 5.0 ± 5.00 0 0.0640 0 2.50 ± 1.31 0.0483 
550.0 ± 
450.00 
1,975.0 ± 
1,088.03 
0.0447 
December 4 100.0 ± 0.00 130.0 ± 80.14 0.2329 0 
970.0 ± 
824.67 
0.0302 100.0 ± 0.00 
1,225.0 ± 
807.46 
0.0274 
January 5 
5,550.0 ± 
450.00 
7,641.67 ± 
6,134.96 
0.4434 
1,000.00 ± 
0.00 
175.0 ± 75.00 0.0039 
500.00 ± 
500.00 
259.2 ± 
129.22 
0.2391 
February 6 
5,005.0 ± 
4,995.00 
8,785.0 ± 
8,293.36 
0.3214 0 9.17 ± 8.30 0.0616 100.0 ± 0.00 
242.5 ± 
102.41 
0.2183 
March 7 
5,500.0 ± 
4,500.00 
7,039.17 ± 
6,344.00 
0.3636 0 21.67 ± 10.65 0.0486 
1,000.0 ± 
0.00 
400.0 ± 
127.92 
0.1069 
April 8 
5,050.0 ± 
4,590.00 
1,817.5 ± 
1,105.91 
0.0835 0 7.50 ± 1.31 0.0654 
1,000.0 ± 
0.00 
1,000.0 ± 0.00 1.0000 
May 9 
5,500.0 ± 
4,500.00 
1,250.0 ± 
936.00 
0.0532 
50.00 ± 
50.00 
2.50 ± 1.31 0.6665 
1,000.0 ± 
0.00 
3,250.0 
±1,175.02 
0.0020 
June 10 
1,000.0 ± 
0.00 
535.0 ± 
140.49 
0.6212 
100.00 ± 
0.00 
85.0 ± 10.11 0.5561 
10,000.0 ± 
0.00 
13,000.0 ± 
8,014.19 
0.2140 
n Number of animals 
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6.3.7.3. Means ± standard error of immunoglobulins (IgG, IgA, IgM) in Boer goats aged 2 to 10 month from un-supplemented does. 
Month 
Age 
(month) 
IgG IgA IgM 
Male (n=2) 
Female 
(n=5)  
P  Male (n=2) 
Female 
(n=5)  
P  Male (n=2) Female (n=5)  P  
October  2 0 2.0 ± 2.0 0.6144 0 0 1.0000 
550.0 ± 
450.0 
280.0 ± 180.0 0.1857 
November 3 0 4.0 ± 2.5 0.1469 0 0 1.0000 
550.0 ± 
450.0 
460.0 ± 220.5 0.5301 
December 4 5.0 ± 5.0 204.0 ± 199.0 0.0314 50.0 ± 50.0 260.0 ± 185.0 0.0253 100.0 ± 0.0 280.0 ± 180.0 0.3875 
January 5 
550.0 ± 
450.0 
2,220.0 ± 
2,052.0 
0.0617 50.0 ± 50.0 20.0 ± 20.0 0.4434 
550.0 ± 
450.0 
2,800.0 ± 1,800.0 0.0427 
February 6 
5,500.0 ± 
4,500.0 
4,600.0 ± 
2,204.5 
0.8439 50.0 ± 50.0 42.0 ± 23.8 0.4835 1,000.0 ± 0.0 1,000.0 ± 0.0 1.0000 
March 7 100.0 ± 0.0 
2,224 ± 
1,952.9 
0.0297 0 2.0 ± 2.0 0.0463 0 4.0 ± 2.5 0.0567 
April 8 55.0 ± 45.0 210.0 ± 175.0 0.0506 5.0 ± 5.0 2.0 ± 2.0 0.0116 100.0 ± 0.0 820.0 ± 180.0 0.0040 
May 9 50.0 ± 40.0 262.0 ± 185.3 0.0728 100.0 ± 0.0 22.0 ± 19.6 0.2819 100.0 ± 0.0 2,260.0 ± 1,942.8 0.0314 
June 10 100.0 ± 0.0 82.0 ± 18.0 0.2167 55.0 ± 45.0 404.0 ± 243.3 0.0012 100.0 ± 0.0 820.0 ± 180.0 0.0239 
n Number of animals 
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6.3.7.4. Comparison of means ± standard error of immunoglobulins (IgG, IgA, IgM) of male Boer goat kids from 2 to 10 months of age. 
Month 
Age 
(month) 
IgG IgA IgM 
Male SDK 
(n=2) 
Male NDK 
(n=2)  
P  
Male SDK 
(n=2) 
Male NDK 
(n=2)  
P  
Male SDK 
(n=2) 
Male NDK 
(n=2)  
P  
October  2 0 0 1.0000 0 0 1.0000 100.0 ± 0.0 550.0 ± 450.0 0.0615 
November 3 5.0 ± 5.0 0 0.0323 0 0 1.0000 550.0 ± 450.0 550.0 ± 450.0 1.0000 
December 4 100.0 ± 0.0 5.0 ± 5.0 0.0311 0 50.0 ± 50.0 0.0409 100.0 ± 0.0 100.0 ± 0.0 1.0000 
January 5 
5,550.0 ± 
450.0 
550.0 ± 450.0 0.0456 1,000.0 ± 0.0 50.0 ± 50.0 0.0486 500.0 ± 500.0 550.0 ± 450.0 0.6875 
February 6 
5,005.0 ± 
4,995.0 
5,500.0 ± 
4,500.0 
0.681 0 50.0 ± 50.0 0.0384 100.0 ± 0.0 1,000.0 ± 0.0 0.0567 
March 7 
5,500.0 ± 
4,500.0 
100.0 ± 0.0 0.0036 0 0 1.0000 1,000.0 ± 0.0 1,000.0 ± 0.0 1.0000 
April 8 
5,050.0 ± 
4,590.0 
55.0 ± 45.0 0.0258 0 5.0 ± 5.0 0.0964 1,000.0 ± 0.0 100.0 ± 0.0 0.0245 
May 9 
5,500.0 ± 
4,500.0 
50.0 ± 40.0 0.0493 50.0 ± 50.0 100.0 ± 0.0 0.0372 1,000.0 ± 0.0 100.0 ± 0.0 0.0245 
June 10 1,000.0 ± 0.0 100.0 ± 0.0 0.0486 100.0 ± 0.0 55.0 ± 45.0 0.2281 10,000.0 ± 0.0 100.0 ± 0.0 0.0002 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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6.3.7.5. Comparison of means ± standard error of immunoglobulins (IgG, IgA, IgM) of female Boer goat kids from 2 to 10 months of age. 
Month 
Age 
(month) 
IgG IgA IgM 
Female 
SDK 
(n=12) 
Female 
NDK 
(n=5)  
P 
Female 
SDK 
(n=12)  
Female 
NDK 
(n=5)  
P 
Female SDK 
(n=12)  
Female 
NDK(n=5)  
P 
October  2 2.9 ± 1.84
a
 2.0 ± 2.0
a
 0.318 1.4 ± 1.4
a
 0 0.296 1,000 ± 0
a
 
280 ± 
180
ad
 
0.0490 
November 3 0 4.0 ± 2.5
a
 0.0295 2.5 ± 1.3
a
 0 0.214 
1,975 ± 
1,088
a
 
460 ± 
220
ad
 
0.0402 
December 4 
130.0 ± 
80.1
b
 
204.0 ± 
199.0
b
 
0.1458 
970 ± 
825
b
 
260 ± 
185.0
a
 
0.0549 1,225 ± 807
a
 
280 ± 
180
ad
 
0.0186 
January 5 
7,641 ± 
6,135
c
 
2,220 ± 
2,052
c
 
0.0493 
175.0 ± 
75.0
bc
 
20.0 ± 
20.0
b
 
0.0398 259 ± 129
b
 
2,800 ± 
1,800
b
 
0.0004 
February 6 
8,785 ± 
8,293
c
 
4,600 ± 
2,204
c
 
0.3433 9.2 ± 8.3
a
 
42.0 ± 
23.8
b
 
0.0302 242 ± 102
b
 1,000 ± 0
bd
 0.0611 
March 7 
7,039.2 ± 
6,344.0
c
 
2,224 ± 
1,952
c
 
0.2958 
21.7 ± 
10.7
a
 
2.0 ± 2.0
b
 0.0616 400 ± 128
b
 4.0 ± 2.5
c
 0.0239 
April 8 
1,817.5 ± 
1,105.9
b
 
210.0 ± 
175.0
b
 
0.0464 7.5 ± 1.3
a
 2.0 ± 2.0
b
 0.3012 1,000 ± 0
a
 820 ± 180
d
 0.2501 
May 9 
1,250.0 ± 
936.0
b
 
262.0 ± 
185.3
b
 
0.045 2.5 ± 1.3
a
 
22.0 ± 
19.6
b
 
0.0715 
3,250 
±1,175
a
 
2,260 ± 
1,943
b
 
0.3808 
June 10 
535.0 ± 
140.5
b
 
82.0 ± 
18.0
b
 
0.2167 
85.0 ± 
10.1
c
 
404.0 ± 
243.3
a
 
0.0354 
13,000 ± 
8,014
c
 
820 ± 180
d
 <0.0001 
n Number of animals 
a,b,c  
Means within a row with different superscripts are significantly different (P<0.05) 
SDK - Protein supplemented does’ kids 
NDK - Un-supplemented does’ kids 
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Table 6.3.8.1. Correlations among mean live weight (Bwt), FAMACHA
©
 score (FAM), faecal egg count (FEC), leukocytes, erythrocytes and specific 
immunoglobulins (IgG, IgA, IgM) of protein supplemented (below the diagonal) and un-supplemented Boer does (above the diagonal) naturally 
challenged by H. contortus. 
 
Par BWt FAM FEC PCV Eosin Hb MCV MCHC RBC Lymp IgG IgA IgM WBC Neu Mono Baso MCH RDW 
BWt - 0.32** -0.25 0.10 0.01 0.05 0.04 -0.04 0.06 -0.19 
-
0.27** -0.03 0.10 -0.27** -0.21* 
-
0.30** 
-
0.36** -0.04 -0.13 
FAM 0.28** - 0.42** -0.46** -0.21** 
-
0.49** 0.03 -0.28* -0.34** 
-
0.41** -0.06 -0.15 0.10 -0.46** 
-
0.29** -0.18 -0.20 -0.40** -0.38** 
FEC -0.21 0.40** - -0.49** -0.06 
-
0.54** 0.21* -0.35** 
-
0.50** 
-
0.30** -0.07 -0.09 0.00 
-
0.32** -0.23* -0.11 -0.15 -0.26** -0.30** 
PCV 0.18 -0.34** -0.46** - 0.09 0.75** 0.13 0.10 0.61** 0.32** -0.09 0.17 -0.12 0.28** 0.18 0.05 -0.01 0.40** 0.36** 
Eosin 0.05 -0.23* -0.08 0.08 - 0.11 0.02 0.03 0.07 0.06 -0.01 0.29** -0.02 0.22 -0.03 -0.06 0.17 0.04 0.20* 
Hb 0.07 -0.50** -0.49** 0.87** 0.13 - -0.39** 0.73** 0.79** 0.50** 0.00 0.10 -0.18 0.30** 0.11 -0.04 -0.03 0.57** 0.59** 
MCV 0.18 0.27** 0.11 -0.01 -0.18* 
-
0.37** - -0.74** 
-
0.43** -0.18 -0.14 0.04 0.07 0.01 0.09 0.11 0.00 0.23* -0.28** 
MCHC -0.06 -0.52** -0.38** 0.40** 0.19* 0.79** 
-
0.69** - 0.55** 0.43** 0.11 -0.03 -0.15 0.18 0.00 -0.09 -0.02 0.44** 0.50** 
RBC 0.04 -0.43** -0.45** 0.74** 0.07 0.88** 
-
0.54** 0.74** - 0.09 0.03 0.20 -0.12 0.22* 0.09 -0.06 -0.09 0.27** 0.42** 
Lymp -0.06 -0.22* -0.07 0.18 0.11 0.33** 
-
0.30** 0.40** 0.19* - -0.13 0.11 -0.07 0.34** 0.03 -0.01 0.10 0.38** 0.33** 
IgG -0.21* 0.06 -0.12 -0.14 0.10 -0.15 -0.02 -0.10 -0.08 -0.22* - -0.03 0.00 -0.04 0.02 0.05 0.09 -0.06 -0.08 
IgA -0.20 -0.12 -0.10 -0.10 0.27** -0.11 -0.06 -0.08 -0.05 -0.11 0.23** - 0.13 0.04 -0.06 -0.02 -0.07 0.02 0.08 
IgM 0.13 -0.09 -0.19* 0.18 0.08 0.23* -0.19* 0.18* 0.24** 0.03 -0.01 0.16 - -0.06 -0.11 0.04 -0.03 -0.11 -0.14 
WBC -0.23* -0.13 -0.06 -0.03 0.35** 0.01 0.00 0.07 -0.01 0.47** -0.10 0.07 -0.11 - 0.87** 0.54** 0.50** 0.34** 0.24* 
Neu -0.21* 0.09 0.06 -0.19** 0.01 
-
0.24** 0.21* -0.20* 
-
0.27** 0.13 -0.02 -0.07 
-
0.27** 0.80** - 0.52** 0.40** 0.19 0.07 
Mono -0.15 -0.03 -0.05 0.14 0.17* 0.16 -0.10 0.10 0.20* 0.08 0.18 0.09 0.18* 0.24** 0.01 - 0.55** 0.06 0.07 
Baso 0.04 -0.03 0.00 -0.16 0.42** -0.14 -0.06 -0.04 -0.05 0.07 0.03 0.19 0.00 0.29** 0.08 0.22* - 0.01 0.16 
MCH 0.20* -0.26* -0.28** 0.50** -0.01 0.51** 0.34** 0.37** 0.21* 0.04 -0.20* -0.19 0.00 0.01 0.00 -0.06 -0.17 - 0.39** 
RDW 
-
0.34** -0.37** -0.12 0.33** 0.21* 0.51** 
-
0.43** 0.50** 0.54** 0.28** -0.08 0.12 0.28** 0.18* -0.11 0.34** 0.07 0.35** - 
*P<0.05, **P<0.01 
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Table 6.3.8.2. Correlations among mean live weight (Bwt), FAMACHA
©
 score (FAM), faecal egg count (FEC), leukocytes, erythrocytes and specific 
immunoglobulins (IgG, IgA, IgM) of Boer goats kids born from protein supplemented does (below the diagonal) and un-supplemented Boer does 
(above the diagonal) naturally challenged by H. contortus. 
 
Par BWt FAM FEC PCV Eosin Hb MCV MCHC RBC Lymp IgG IgA IgM WBC Neu Mono Baso MCH RDW 
BWt - -0.51** 0.24** 0.05 0.19* -0.23 0.37** -0.35** -0.30* 0.05 -0.08 -0.03 0.23** -0.08 -0.20 0.02 0.02 -0.21 0.11 
FAM -0.29* - 0.36** -0.27** -0.12 -0.24 -0.02 -0.13 -0.12 -0.17 -0.13 0.15 -0.19 -0.15 0.00 -0.10 -0.03 -0.25 -0.31* 
FEC 0.07 -0.31** - -0.06 0.19 -0.56** 0.71** -0.69** -0.55** -0.01 -0.16 -0.09 -0.06 0.05 0.09 -0.11 0.26* -0.47** 0.13 
PCV 0.07 -0.47** -0.12 - -0.05 0.65** 0.08 0.20 0.57** 0.35** -0.13 -0.07 0.09 0.20 -0.09 -0.09 -0.04 0.43** 0.72** 
Eosin 0.30** -0.10 -0.01 0.00 - -0.09 0.12 -0.11 -0.05 0.11 -0.04 -0.07 0.20 0.26* 0.04 0.04 0.51** -0.03 0.13 
Hb -0.05 -0.37** -0.39** 0.71** -0.08 - 
-
0.58** 0.87** 0.83** 0.23 0.18 0.14 0.03 0.22 0.11 0.09 -0.01 0.85** 0.40** 
MCV 0.05 -0.02 0.51** -0.10 0.03 -0.62** - -0.82** -0.67** 0.15 -0.23 -0.14 0.03 0.12 -0.01 -0.15 0.16 
-
0.36** 0.13 
MCHC -0.12* -0.19* -0.51** 0.32** -0.10 0.86** 
-
0.79** - 0.72** 0.07 0.34** 0.24 0.00 0.16 0.19 0.14 0.00 0.82** 0.03 
RBC -0.06 -0.27** -0.45** 0.70** -0.09 0.88** 
-
0.69** 0.76** - 0.07 0.07 0.05 0.02 0.10 -0.04 0.08 -0.12 0.54** 0.40** 
Lymp -0.05 -0.04 -0.06 0.31** -0.05 0.30** -0.13 0.21* 0.26** - 0.04 -0.08 0.04 0.66** 0.00 -0.19 0.27 0.17 0.06 
IgG 0.11* -0.08 -0.10 0.03 0.19* 0.13 -0.10 0.16 0.09 -0.02 - -0.03 -0.03 0.15 0.20 0.05 0.09 0.29* -0.18 
IgA -0.06 0.06 -0.03 -0.02 -0.03 0.02 -0.06 0.04 0.04 0.05 -0.01 - -0.05 -0.07 -0.05 0.19 -0.11 0.23 -0.15 
IgM 0.12* -0.11 -0.11 0.11 0.07 0.15 -0.07 0.12 0.11 -0.02 0.10 0.08 - 0.05 -0.03 0.02 -0.08 0.05 0.04 
WBC -0.08 0.02 0.03 0.18* 0.20 0.25** -0.08 0.21* 0.16 0.75** 0.06 0.10 -0.05 - 0.51** 0.08 0.39** 0.36** 0.08 
Neu -0.17 0.04 0.09 0.06 0.14 0.14 -0.02 0.17 0.07 0.33** 0.05 0.15 -0.05 0.78** - 0.02 0.10 0.26* 0.02 
Mono -0.02 0.04 0.19* -0.15 0.21 -0.12 -0.04 -0.05 -0.06 -0.05 0.09 0.01 -0.17 0.18* 0.25* - 0.21 0.10 0.03 
Baso 0.12* 0.04 0.12* 0.02 0.18 0.01 -0.06 0.01 0.00 0.29 -0.08 -0.07 -0.03 0.44** 0.33 0.43 - 0.14 -0.03 
MCH -0.01 -0.48** -0.18* 0.50** -0.04 0.69** -0.13 0.60** 0.45** 0.22* 0.15 -0.01 0.14 0.19* 0.21* -0.09 -0.02 - 0.24* 
RDW 0.07 -0.37** 0.22* 0.45** -0.04 0.40** -0.10 0.21* 0.36** 0.18 -0.05 0.05 0.07 0.08 0.08 0.11 0.14 0.42** - 
*P<0.05, **P<0.01 
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Table 6.3.8.3. Regression analysis between faecal egg count (FEC) with live weight (Bwt), FAMACHA
©
 (FAM), leukocytess, erythrocytes and 
specific immunoglobulin (IgG, IgA, IgM) of protein supplemented and un-supplemented Boer does naturally challenged by H. contortus. 
 
 
SupD NSupD 
 
 
Coefficient 
   
Coefficient 
   Parameter Intercept x  R Square R value P  Intercept x  R Square R value  
BWt 54.80617 -0.00048 0.00448 0.06692 0.50179 49.45061 0.00123 0.06218 0.24935 0.01845 
FAM® 2.52963 0.00016 0.15888 0.39860 0.00008 2.36113 0.00013 0.17553 0.41896 0.00010 
PCV 24.78820 -0.00079 0.21083 0.45916 0.00000 25.38289 -0.00067 0.23825 0.48811 0.00000 
Eosin 0.77814 -0.00003 0.00621 0.07878 0.40060 0.75584 -0.00002 0.00403 0.06347 0.52834 
Hb 8.10581 -0.00038 0.23710 0.48692 0.00000 8.28743 -0.00034 0.29203 0.54040 0.00000 
MCV 22.33707 0.00013 0.01169 0.10813 0.24795 22.30734 0.00026 0.04565 0.21367 0.03192 
MCHC 32.71790 -0.00063 0.14289 0.37801 0.00003 32.76633 -0.00063 0.11995 0.34634 0.00039 
RBC 11.15690 -0.00046 0.20458 0.45231 0.00000 11.44535 -0.00041 0.24676 0.49675 0.00000 
Lymp 3.74446 -0.00004 0.00444 0.06661 0.47745 4.25293 -0.00021 0.08710 0.29513 0.00273 
IgG 103813.80 -18.51520 0.01545 0.12432 0.18365 40086.21 -5.62300 0.00481 0.06935 0.49076 
IgA 56.53456 -0.00885 0.00993 0.09964 0.28725 81.36974 -0.00951 0.00857 0.09260 0.35705 
IgM 3275.04 -0.40347 0.03616 0.19016 0.04089 3957.66 -0.00010 0.00000 0.00002 0.99983 
WBC 12.03904 -0.00008 0.00319 0.05645 0.54722 12.44563 -0.00048 0.10406 0.32258 0.00100 
Neu 6.41265 0.00007 0.00345 0.05876 0.53092 6.55562 -0.00025 0.05260 0.22934 0.02106 
Mono 0.85237 -0.00001 0.00217 0.04655 0.61976 0.79101 -0.00002 0.01277 0.11299 0.26057 
Baso 0.14174 0.00000 0.00002 0.00461 0.96081 0.16904 -0.00001 0.02201 0.14837 0.13867 
MCH 7.23676 -0.00008 0.07818 0.27960 0.00237 7.23683 -0.00006 0.06964 0.26389 0.00767 
RDW 34.03654 -0.00033 0.01516 0.12312 0.18796 33.77401 -0.00055 0.08969 0.29949 0.00235 
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Table 6.3.8.4. Regression analysis between faecal egg count (FEC) with live weight (Bwt), FAMACHA
©
 (FAM), leukocytess, erythrocytes and 
specific immunoglobulin (IgG, IgA, IgM) of Boer goats kids born from protein supplemented and un-supplemented Boer does naturally challenged by 
H. contortus. 
 
 
SDK NDK 
 
 
Coefficient 
   
Coefficient 
   Parameters Intercept x  R Square R value P Intercept x  R Square R value P 
BWt 17.99 0.00008 0.00433 0.06581 0.4641 18.56 0.00038 0.05722 0.23920 0.0590 
FAM® 2.48 -0.00001 0.00435 0.06595 0.4897 2.27 0.00003 0.01238 0.11127 0.4143 
PCV 24.01 -0.00008 0.01384 0.11766 0.1987 23.85 -0.00003 0.00365 0.06045 0.6379 
Eosin 0.37 0.00000 0.00007 0.00830 0.9280 0.28 0.00002 0.03605 0.18988 0.1361 
Hb 8.20 -0.00015 0.15273 0.39080 0.0000 8.79 -0.00020 0.31425 0.56058 0.0000 
MCV 20.81 0.00034 0.26335 0.51318 0.0000 19.70 0.00032 0.50121 0.70796 0.0000 
MCHC 34.31 -0.00057 0.26050 0.51039 0.0000 36.73 -0.00082 0.47007 0.68562 0.0000 
RBC 11.63 -0.00021 0.20419 0.45187 0.0000 12.13 -0.00022 0.30522 0.55247 0.0000 
Lymp 6.22 -0.00003 0.00313 0.05596 0.5421 6.55 -0.00001 0.00007 0.00844 0.9476 
IgG 30848.30 -3.25586 0.00933 0.09658 0.2919 6274.25 -0.80920 0.02590 0.16094 0.2076 
IgA 168.13 -0.00798 0.00109 0.03306 0.7189 34.27 0.00037 0.00871 0.09333 0.4669 
IgM 3198.03 -0.26660 0.01166 0.10800 0.2384 870.03 -0.03086 0.00389 0.06238 0.6272 
WBC 12.58 0.00002 0.00094 0.03059 0.7391 12.18 0.00004 0.00267 0.05167 0.6876 
Neu 5.07 0.00003 0.00741 0.08605 0.3480 4.47 0.00004 0.00811 0.09005 0.4828 
Mono 0.84 0.00001 0.00911 0.09543 0.2978 0.82 -0.00001 0.01228 0.11081 0.3873 
Baso 0.18 0.00000 0.01530 0.12371 0.1764 0.17 0.00000 0.03131 0.17695 0.1653 
MCH 7.08 -0.00002 0.03321 0.18223 0.0454 7.22 -0.00007 0.22341 0.47267 0.0001 
RDW 34.27 0.00037 0.05024 0.22414 0.0135 35.25 0.00014 0.01770 0.13303 0.2986 
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Appendix C 
 
Table 7.3.1. Means ± standard error of ELISA titres of immunoglobulins G (IgG), immunoglobulin 
A (IgA) and immunoglobulin M (IgM) in colostrum and milk of protein supplemented (SupD) and 
un-supplemented (NSupD) does at UQ farm sampled from 12 hours to 3 months postpartum (PP). 
 
Milk  Group IgG IgA IgM FEC 
Colostrum 
SupD 13.3 ± 8.0 0 2,192 ± 1,060 1,709 ± 788 
NSupD 4.2 ± 1.5 10.8 ± 8.2 202 ± 108 1,941 ± 452 
P  0.2730 0.2000 0.750 0.3820 
1 month PP 
SupD 15.0 ± 7.8 30.0 ± 12.3 295 ± 123 75 ± 28 
NSupD 5.0 ± 1.5 44.2 ± 14.3 350 ± 139 550 ± 452 
P  0.2230 0.4590 0.7700 0.3060 
2 months PP 
SupD 40.9 ± 14.2 38.2 ± 14.8 16.4 ± 8.5 82 ± 40 
NSupD 12.5 ± 8.1 4.2 ± 1.5 29.2 ± 12.4 183 ± 37 
P  0.090 0.026  0.412 0.0750 
3 months PP 
SupD 83.6 ± 10.9 59.1 ± 14.2 231 ±115 618 ± 113 
NSupD 31.3 ± 15.1 6.3 ± 1.8 30.0 ± 15.4 587 ± 252 
P  0.010 0.006 0.161 0.904 
 
Table 7.3.2. Comparing the means ± standard error of ELISA titres of immunoglobulins G (IgG), 
immunoglobulin A (IgA), immunoglobulin M (IgM) and faecal egg counts (FEC) at three sampling 
times, in colostrum and milk of protein supplemented (SDK) and un-supplemented does (NSupD) 
at UQ farm. 
 
Milk batch IgG IgA IgM FEC 
  SupD   
Colostrum 13.3 ± 8.0
a
 0
a
 2,192 ± 1,060
a
 1,709 ± 788
a
 
1 month PP 15.0 ± 7.8
a
 30.0 ± 12.3
b
     295 ± 123
a
 75 ± 28
b
 
2 months PP 40.9 ± 14.2
a
 38.2 ± 14.8
b
 16.4 ± 8.5
b
 82 ± 40
b
 
3 months PP 83.6 ± 10.9
b
 59.1 ± 14.2
b
 231 ±115.4
ab
 618 ± 113
c
 
  NSupD   
Colostrum 4.2 ± 1.5
a
 10.8 ± 8.2
a
 201.7 ± 108.4
a
 1,941 ± 452
a
 
1 month PP 15.0 ± 7.8
a
 44.2 ± 14.27
b
 350 ± 139
a
 550 ± 452
b
 
2 months PP 12.5 ± 8.1
a
 4.2 ± 1.5
b
 29.2 ± 12.4
b
 183 ± 37
c
 
3 months PP 31.3 ± 15.1
b
 6.3 ± 1.8
b
 30.0 ± 15.4
b
 587 ± 252
c
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Table 7.3.3. Means ± standard error of ELISA titres of immunoglobulins G (IgG), immunoglobulin 
a (IgA) and immunoglobulin M (IgM) in serum of protein supplemented and no protein 
supplemented does at UQ farm. 
 
Blood  Group IgG IgA IgM FEC 
12 hrs PP 
SupD 1.5 ± 1.0 0.8 ± 0.8 1,346 ± 732 1,709± 788 
NSupD 4.3 ± 1.4 2.1 ± 1.3 2,929 ± 1,024 1,941 ± 452 
P  0.128 0.334 0.226 0.442 
1 month 
PP 
SupD 89.2 ± 76.3 12.3 ± 7.4        654 ± 126  75 ± 28 
NSupD 3.3 ± 1.4 10.8 ± 8.2     11,500  ± 8,128 550 ± 452 
P  0.291 0.895 0.177 0.306 
2 month 
PP 
SupD 9,241 ± 7,633 19.2 ± 10.0 1,408 ± 726 82 ± 40 
NSupD 5.0 ± 1.5 12.5 ± 8.1 1,750 ± 750 183.± 37 
P  0.258 0.610 0.747 0.075 
3 month 
PP 
SupD 754,546 ± 126,752 165.5 ± 84.2 2,309 ± 1,154 618 ± 113 
NSupD 412,525 ± 172,616 53.8 ± 17.5 3,138 ± 1,502 587 ± 252 
P  0.120 0.282 0.662 0.904 
 
 
Table 7.3.4. Comparing the means ± standard error of ELISA titres of immunoglobulins G (IgG), 
immunoglobulin A (IgA), immunoglobulin M (IgM) and faecal egg counts (FEC) at four sampling 
times in serum of protein supplemented and no protein supplemented does at UQ farm. 
 
Serum 
batch 
IgG IgA IgM FEC 
  SupD   
12 hrs PP  1.5 ± 1.0a 0.8 ± 0.8a 1,346 ± 732 1,709 ± 788
a
 
1 month PP 89.2 ± 76.3
a
 12.3 ± 7.4
ab
 654 ± 126  75 ± 28
b
 
2 months PP 9,240.8 ± 7,633.4
a
 19.2 ± 10.0
ab
 1,408 ± 726 82 ± 40
b
 
3 months PP 754,545.5 ± 126,752.2
b
 165.5 ± 84.2
b
 2,309 ± 1,153 618 ± 113
c
 
  NSupD   
12 hrs PP 4.3 ± 1.4a 2.1 ± 1.3a 2,929 ± 1,024 1,941 ± 452
a
 
1 month PP 3.3 ± 1.4
a 10.8 ± 8.2a 11,500 ± 8,128 550 ± 452
b
 
2 months PP 5.0 1.5
a 12.5 ± 8.1a 1,750 ± 750 183 ± 37
c
 
3 months PP 412,525 ± 172,616
b 53.8 ± 17.5b 3,138 ± 1,502 587 ± 252
c
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Table 7.3.5. Comparing the means ± standard error of ELISA titres of immunoglobulins G (IgG), 
immunoglobulin A (IgA) and immunoglobulin M (IgM) in milk and serum of protein supplemented 
does at UQ farm. 
 
Sample IgG IgA IgM FEC 
Colostrum 13.3 ± 8.0 0 2,193 ± 1,060 
1,709 ± 788 Serum 12 hrs PP 1.5 ± 1.0 0.8 ± 0.8 1,346 ± 732 
P  0.142 0.337 0.519 
Milk 1 month PP  15.00± 7.8 30.0 ± 12.3 295 ± 123 
75 ± 28 Serum 1 month PP 89.2 ± 76.3 12.3 ± 7.4 654 ± 126 
P  0.352 0.233 0.054 
Milk 2 months PP 40.9 ± 14.2 38.2 ± 14.8 16 ± 8 
82 ± 40 Serum 2 months PP 9,240.8 ± 7,633.4 19.2 ± 10.0 1,408 ± 726 
P  0.251 0.304 0.079 
Milk 3 months PP 83.6 ± 10.9 59.1 ± 14.2 231 ±115 
618 ± 113 Serum 3 months PP 754,545 ± 126,752 165.5 ± 84.2 2,309 ± 1,154 
P  0.0001 0.240 0.088 
 
 
Table 7.3.6. Comparing the means ± standard error of ELISA titres of immunoglobulins G (IgG), 
immunoglobulin A (IgA) and immunoglobulin M (IgM) in milk and serum of no protein 
supplemented does at UQ farm. 
 
Sample IgG IgA IgM FEC 
Colostrum 4.2 ± 1.5 10.8 ± 8.2 202 ± 108 
1,941 ± 452 
 
Serum 12 hrs PP 4.3 ± 1.4 2.1 ± 1.3 2,929 ± 1,024 
P  0.954 0.316 0.020 
Milk 1 month PP  15.0 ± 7.8 44.2 ± 14.3 350 ± 139 
550 ± 452 
 
Serum 1 month PP 3.3 ± 1.4 10.8 ± 8.2 11,500 ± 8,128 
P  0.430 0.058 0.198 
Milk 2 months PP 12.5 ± 8.1 4.2 ± 1.5 29.2 ± 12.4 
183 ± 37 Serum 2 months PP 5.0 ± 1.5 12.5 ± 8.1 1,750 ± 750 
P  0.380 0.331 0.042 
Milk 3 months PP 31.3 ± 15.1 6.3 ± 1.8 30 ± 15 
587 ± 252 Serum 3 months PP 412,525 ± 172,616 53.8 ± 17.5 3,138 ± 1,502 
P  0.048 0.030 0.077 
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Table 7.3.7. Means ± standard error of ELISA titres of immunoglobulins G (IgG), immunoglobulin 
A (IgA) and immunoglobulin M (IgM) in the serum of kids and their dams’ milk of protein 
supplemented does at UQ farm, measured at three different times. 
 
Sample IgG IgA IgM 
Serum 1 SDK 2.2 ± 1.5 1.1 ± 1.1 100 ± 0 
Milk 1 SupD 15.0 ± 7.8 30.0 ± 12.3 295 ± 123 
P  0.1349 0.0385 0.1420 
Serum 2 SDK 0.7 ± 0.7 2.1 ± 1.1 459 ± 124 
Milk 2 SupD 40.9 ± 14.2 38.2 ± 14.8 16 ± 9 
P  0.0177 0.0358 0.0022 
Serum 3 SDK 86,557 ± 70,913 831.4 ± 708.6 1,064 ± 696 
Milk 3 SupD 83.6 ± 10.9 59.1 ± 14.2 231 ±115 
P  0.2443 0.0296 0.02573 
Serum 1: Kids at 1 month old 
Serum 2: Kids at 2 months old 
Serum 3: Kids at 3 months old 
 
 
Table 7.3.8. Means ± standard error of ELISA titres of immunoglobulins G (IgG), immunoglobulin 
A (IgA) and immunoglobulin M (IgM) in the serum of kids and their dams’ milk of un-
supplemented does at UQ farm, measured at three different times. 
 
Sample IgG IgA IgM 
Serum 1 NDK 1.4 ± 1.4 0 357 ± 166 
Milk 1 NSupD 5.0 ± 1.5 44.2 ± 14.3 350 ± 139 
P  0.1048 0.0102 0.9741 
Serum 2 NDK 2.9 ± 1.8 0 486 ± 182 
Milk 2 NSupD 12.5 ± 8.1 4.2 ± 1.5 29.2 ± 12.4 
P  0.2674 0.0172 0.0462 
Serum 3 NDK 17,457 ± 13,861 14,342 ± 14,276 229 ± 129 
Milk 3 NSupD 31.3 ± 15.1 6.3 ± 1.8 30 ± 15 
P  0.2553 0.3540 0.1760 
Serum 1: Kids at 1 month old 
Serum 2: Kids at 2 months old 
Serum 3: Kids at 3 months old 
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Table 7.3.9. Means ± standard error of live weights (Bwt), faecal egg count (FEC), FAMACHA
©
 
score (FAM) and selected immune parameters (packed cell volume (PCV), eosinophils (Eosin), 
haemoglobin (Hb), lymphocytes (Lymp) and specific immunoglobulin (IgG, IgA, IgM) of serum in 
kids from protein supplemented (SDK) and un-supplemented does (NDK) from 1 to 3 months of 
age at UQ farm. 
 
Age 
Parameter Group Born 1 month 2 month 3 month 
Bwt 
SDK 3.1 ± 0.2 6.3 ± 0.4 13.8 ± 0.9 15.3 ± 0.7 
NDK 3.6 ± 0.2 7.7 ± 0.6 9.3 ± 0.5 14.9 ± 0.9 
P  0.1336 0.0805 0.0007 0.7802 
FAM 
SDK  3.3 ± 0.2 2.1 ± 0.1 2.6 ± 0.2 
NDK - 3.1 ± 0.3 2.3 ± 0.3 2.4 ± 0.2 
P   0.5508 0.6652 0.4298 
FEC 
SDK  0 3,300 ± 751 164 ± 45 
NDK - 0 1,157 ± 216 329 ± 144 
P    0.0152 0.3132 
PCV 
SDK  24.2 ± 0.3 25.0 ± 0.4 22.0 ± 1.0 
NDK - 24.2 ± 0.6 23.9 ± 0.5 22.6 ± 0.6 
P   0.9963 0.1107 0.5764 
Eosin 
SDK  0.1 ± 0 0.3 ± 0.0 0.3 ± 0.1 
NDK - 0.1 ± 0 0.2 ± 0.1 0.2 ± 0.1 
P   0.6505 0.9121 0.5969 
Hb 
SDK  8.4 ± 0.3 9.2 ± 0.3 8.0 ± 0.5 
NDK - 8.8 ± 0.3 9.4 ± 0.3 8.7 ± 0.4 
P   0.2708 0.5627 0.2309 
Lymp 
SDK  6.2 ± 0.8 7.7 ± 0.8 5.6 ± 0.6 
NDK - 6.9 ± 0.5 6.5 ± 0.1 6.1 ± 0.9 
P   0.6980 0.1971 0.0666 
IgG 
SDK  2.2 ± 1.5 0.7 ± 0.7 86,557 ± 70,913 
NDK - 1.4 ± 1.4 2.9 ± 1.8 17,457 ± 13,860 
P   0.7044 0.3101 0.3551 
IgA 
SDK  1.1 ± 1.1 2.1 ± 1.1 831 ± 769 
NDK - 0 0 14,342 ± 14,276 
P   0.3465 0.0823 0.3810 
IgM 
SDK  100.0 ± 0 486 ± 124 1,064 ± 696 
NDK - 357.1 ± 166.0 486 ± 182 229 ± 129 
P   0.1723 1.000 0.2575 
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Table 7.3.10. Comparison of means ± standard error of immunoglobulins (IgG, IgA, IgM) over 
times during the study period in kids’ serum from protein supplemented (SDK) and un-
supplemented does (NDK) aged 1 to 3 months at UQ farm. 
 
Aged IgG IgA IgM FEC 
  SDK   
1 month 2.2 ±1.5
a
 1.1 ± 1.1
a
 100 ± 0
a
 0
a
 
2 months 0.7± 0.7
a
 2.1 ± 1.1
a
 486 ± 124
b
 3,300 ± 751
b
 
3 months 86,557 ± 70,913
b
 831.43 ± 768.59
b
 1,064 ± 696
b
 164 ± 45
c
 
  NDK   
1 month 1.4 ± 1.4 0 357 ± 166 0 
2 months 2.9 ± 1.8 0 486 ± 182 1,157 ± 216 
3 months 17,457 ± 13,860 14,342 ± 14,276 229 ± 129 329 ± 144 
a,b 
Parameter values in the same column superscribed with different letters are significantly different 
(P<0.05)  
 
 
7.3.11. Comparison of means ± SE of immunoglobulins (IgG, IgA, IgM) ELISA titres (including 
faecal egg count (FEC)) over time during the study period in colostrum, milk and serum of does at 
Yarrabee Boer Goat Stud.  
 
Parameter Colostrum/12 
hrs PP 
(n=54) 
1 month 
PP(n=51) 
2 months 
PP(n=44) 
3 months 
PP(n=38) 
  Milk   
IgG 92.0 ± 35.6
a
 8.4 ± 3.3
b
 7.5 ± 3.2
b
 32.9 ± 6.6
c
 
IgA 11.3 ± 3.9
a
 32.4 ± 19. 8
ac
 146.8 ± 47.0
b
 41.8 ± 7.3
c
 
IgM 316.9 ± 185.9 242.6 ± 196.2 119.6 ± 37.0 87.1 ± 25.8 
  Serum   
IgG - 529.4 ± 270.5
a
 26,432 ±  22,652
ab
 62,450 ±  416
b
 
IgA - 8.0 ± 3.8
a
 339.1 ± 228.8
a
 733.4 ± 363.5
b
 
IgM - 2,602.3 ± 551.9
a
 1,750 ± 504
a
 582.4 ± 263.1
b
 
  Fresh faecal   
FEC 848 ± 122
a
 1,035 ± 97
a
 2,500 ± 383
b
 6,147 ± 532
c
 
a,b,c 
Parameter values in the same row superscribed with different letters are significantly different 
(P<0.05)  
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7.3.12. Comparison of means ± SE of immunoglobulins (IgG, IgA, IgM) ELISA titres between 
colostrum, milk and serum of does at Yarrabee Boer Goat Stud.  
 
Sample n PP IgG IgA IgM FEC 
Colostrum 54 12 hrs 
 
92.0 ± 35.6 11.30 ± 3.93 316.9 ± 185.9 848 ± 122 
Serum  - - -  
Milk 
51 1 month 
8.4 ± 3.3 32.4 ± 19. 8 242.6 ± 196.2 
1,035 ± 97 
Serum 529.4 ± 270.5 8.0 ± 3.8 2,602 ± 552 
P   0.061 0.230 0.000  
Milk 
44 2 months 
7.5 ± 3.2 146.8 ± 47.0 119.6 ± 37.0 
2,500 ± 383 
Serum 26,432 ± 22,652 339.1 ± 228.8 1,750.2 ± 503.9 
P    0.247 0.413 0.002  
Milk 
38 3 months 
32.9 ± 6.6 41.8 ± 7.3 87.1 ± 25.8 
6,147 ± 532 
Serum 62,450 ±  416 733.4 ± 363.5 582.4 ± 263.1 
P    0.091 0.061 0.065  
 
 
7.3.13. Comparison of means ± SE of immunoglobulins (IgG, IgA, IgM) ELISA titre between 
female and male kids’ serum with their dams’ milk at Yarrabee Boer Goat Stud. 
 
Sample Age/PP 
(month) 
IgG IgA IgM 
Male kids 
Serum  1 348.3 ± 28.6 26.3 ± 6.9 464.6 ± 285.0 
Milk  8.6 ± 3.9 42.9 ± 28.7 343.7 ± 285.4 
P   0.2267 0.5758 0.7654 
Serum  2 6.9 ± 4.0 0 50.0 ± 7.9 
Milk  3.4 ± 0.8 92.6 ± 39.0 111.7 ± 38.3 
P   0.4004 0.0204 0.1190 
Serum  3 10.0 ± 5.1 3.0 ± 0.8 851.5 ± 297.1 
Milk  37.3 ± 7.3 41.5 ± 7.8 87.9 ± 29.6 
P   0.0032 0.000 0.0129 
Female kids 
Serum 1 101.2 ± 31.4 570.2 ± 324.4 220.5 ± 57.8 
Milk  7.3 ± 3.2 35.0 ± 22.9 278.9 ± 227.2 
P   0.0039 0.1026 0.7947 
Serum  2 9.1 ± 4.0 0.2 ± 0.2 110.2 ± 39.1 
Milk  7.9 ± 3.3 153.6 ± 49.0 120.5 ± 38.7 
P   0.8185 0.0024 0.8529 
Serum  3 10.0 ± 4.6 0.26 ± 0.2 866. 7 ± 233.1 
Milk  33.0± 6.6 41.8 ± 7.3 87.1 ± 25.9 
P   0.0058 0.000 0.0018 
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Table 7.3.14. Means ± standard error of faecal egg count (FEC), FAMACHA
©
 (FAM) and selected 
immune parameters packed cell volume (PCV), eosinophils (Eosin), haemoglobin (Hb), 
lymphocytes (Lymp) and specific immunoglobulins (IgG, IgA, IgM) in serum of male and female 
kids aged 1 to 3 months at Yarrabee Boer Goat Stud. 
 
Parameter Sex 
Age 
1 month 2 months 3 months 
Bwt 
Male - - 17.4 ± 0.5 
Female - - 15.3 ± 0.4 
P  - - 0.0015 
FAM 
Male 3.2 ± 0.1 3.0 ± 0.1 2.3 ± 0.1 
Female 2.8 ± 0.1 2.9 ± 0.1 2.14 ± 0.1 
P  0.0037 0.3489 0.2062 
FEC 
Male - 1,021 ± 145 4,035 ± 494 
Female - 1,172 ± 116 2,060 ± 227 
P  - 0.4225 0.0007 
PCV 
Male 24.3 ± 0.4 23.0 ± 0.3 21.9 ± 0.3 
Female 25.2 ± 0.3 24.6 ± 0.3 23.1 ± 0.3 
P  0.1012 0.0037 0.0021 
Eosin 
Male 0.1 ± 0 0.1 ± 0 0.2 ± 0 
Female 0.2 ± 0 0.1 ± 0 0.4 ± 0.1 
P  0.1885 0.1976 0.0601 
Hb 
Male 9.1 ± 0.2 8.34 ± 0.2 7.9 ± 0.2 
Female 9.2 ± 0.2 8.63 ± 0.1 8.8 ± 0.1 
P  0.7977 0.0997 0.000 
Lymp 
Male 7.5 ± 0.5 7.5 ± 0.5 6.0 ± 0.3 
Female 9.0 ± 0.6 8.0 ± 0.5 7.3 ± 0.4 
P  0.0498 0.5285 0.0152 
IgG 
Male 34,968 ± 28659 6.9 ± 4.0 10.0 ± 5.1 
Female 101.2 ± 31.4 9.1 ± 4.0 10.0 ± 4.6 
P  0.2321 0.6981 1.000 
IgA 
Male 26.3 ± 6.9 0 3.0 ± 0.8 
Female 570.2 ± 324.4 0.2 ± 0.2 0.3 ± 0.2 
P  0.1011 0.3231 0.0023 
IgM 
Male 464.6 ± 285.0 50.00 ± 7.9 851.5 ± 297.1 
Female 220.5 ± 57.8 110.24 ± 39.1 866.7 ± 233.1 
P  0.4067 0.1381 0.9681 
 
 
 
 
